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MILITARY CURRICULUM MATERIALS 



The military-developed 'curriculum materials in this course 
package were selected by the^National Center for Research in 
Vocatipnal Education Military Curriculum Project for dissem- 
ination to the six itegional Curriculum Coordination Centers and 
other instructional materials agencies. The purpose of 
disseminating these asurses was to' make curriculum materials 
developed by the military more accessible to vocational 
educators in the civilian setting. ' 

The' course materials were acquired, evaluated by project 
staff and practitioners in the field, and prepared for 
dissemination* Materials which were specific to the idlltary 
were deleted, copyrighted' materials were either emitted or appro- 
val for their use was obtained. These course packages contain 
curriculum , resource materials which can pe adapted to support 
vocational instruction and curriculum development. 
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The National Center 
Mission Statement 



The National Center for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression. The National 
Center fulfills its mission by: 

• Generating knowledge through research 



Developing educational programs and 
products 4 

Evaluating individual program.needs 
and outcomes 



• Installing educational programs and 
products 

• Operating information systems and 
services 



Conducting leadership development and 
training programs 



FOR FURTHER INFORMATION ABOUT 

t Military Curriculum Materials 
WfttTE OR CALL ^ 
' Program Information Office 
The Rational Center for Research in Vocational 

Education 
The Ohio State University 
196i)Kenny Rpad, Columbus, Ohio 43210 
Telephone: 614/486-3655 or Toll Free 800/ 
848-4815 within the continental U.S. 
(except Ohio) 
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Materials for 
. Vocational and 
Technical Education 

Information and Field 
Services Division 

The !!n*ionnl Confer for Renonrch 
in Vocstionnl Education 
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Military j 

Curriculum Materials 
Djssemination Is . . \ 



What Materials 
Are Available? 

1' Lj ..■■•fA.'t : ..• ■■ - 



'n'iifll.'i'U^ J .ll..'«l 



How Can These 
Materials Be Obtained? 
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an activity to increase the accessibility of 
military developed curriculum materials to . 
vocational and technical educators. 

This project, funded t>9 the U.S. Office of 
Education, includes the identification and 
acquisition of curriculum* materials in print < 
form from the Coast Guard, Air Force, 
Army, Marine Corps and "Navy. . 

Access to military curriculum materials' is 
provided through a "Joint Memorandum of 
Understanding" between the U.S. Office of 
Education and the Department of Defense. 0 

The acquired materials are reviewed by staff 
arid, subject matter specialists, ^nd courses 
deemed applicable to vocational, and tech- 
nical education are selected for dissemination^. 

The National Center for Research in 
Vocational Education is the U.S. Office of 
Education's designated representative to 
acquire the materials and conduct the project 
activities/ 

Project Staff : \ 

Wesley E. Budke, Ph.D., Director * 
National Cenfer Clearinghouse \ x 

Shirley A. Chase, Ph.D. 
Project Director " - 
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One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. ' - . 

Course materials include programmed 
instruction, curriculum outlines, instructor 
guides,, student workbooks apd technical 



Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (eug., availability and cost). They 
will respond to your* equest directly or refer 
you to an instructional materials agency 
closer to you. * * 
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Expires July 1.J978 



Course Oescnptton * 

Electrician III, IV, and V conta.ns-the last three blocks of a five block* couYse of study , Blocks I ar>d II are .ncluded .n a previous course, Electrician I 
and II. framing ,n this five-block course covers electrical fundamentals, using tools and test equipment, installing serv.ce entrances, installing and 
performing maintenance on interior w.r.ng syster^m nonmetalhc sheathed cable and conduit, motors and motor installation, and f.re alarms mtrusion 
alarms arid cathodic protection systems. The first unit in Block III is not suitable fpr vocat.onal education because it contains specif.* military materials 
and applications. The remaining sections in Blocks III, IV and V are suitable. 



Block III 



Conduit Wiring 



Unit 2 
Unit 3 t 
. ' Unit 4 
.Unit 5 
Unit 6 
Unit Z ' 

Block IV 

a 

Unit 1- 
Unit 2 
Unit 3 
Unit 4 
Unit 5 % 

Block V 



Power Tools (1 hour class instruction, 2 hours shop) 

Conduit Tools, Terminology end Materiel (2 hour? class instructions, 1 hour shop) 
Conduit Wiring (7Vi hours class instruction, tTA hours shop, 8 hours study) 1 
Low Voltage Circuits (1 hour^ class instruction, 12 hours shop, Vhour study) 
Troubleshooting Conduit Circuits iYt hour class instruction, 1% hours shop, 1 hour studyj 
Appliance Maintenance < 1 Vi hours class instruction, 4ft<hours shop, 2 hours study) 

9 

'Motors and Controls * 

Three-Phase Motor Systems (11 hours class instruction, 13 hours shop, 8 hours study) 
Troubleshooting Three-Phase Motor Systems (T% hours class instruction, 4H hours shop, 2 hours study) 
Single-Phase Motor Systems (7 hours class instruction, 1 1 hours shop, 6 hours study) 
Troubleshooting SihgJe-Phase Motor Systems ( 1 % hours class instruction 4% hours shod 2 hours study) 
. Motor Generators, Control Panels and Circuit Breakers (3 hours class instruction, 1 hoar shop, 2 hours study) 

Con trots and A farm Systems 



Unit 1 - - Intrusion A lerm Systems ( 1 2 hours class instruction, 6 hours shop) 

Unit 2 - Fire Alarm Systems (4 hours class instruction, 4 hours shop) 

Unit 3 - Cathodic Protection and Corrosion Control (2 hours class mstruction) 



r 



Student materials include workbook* and study guides for each unit, Instructor materials mclude a plan of mstrucnon for the course and lesson plans for x 
each unit. Each block* of instruction includes a measurement test and test critique. . *\ 
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POI 3ABR54230-1 . 

' ' LIST OF CURRENT PAGES*- 
This POI consists of 4tf current pages issued as follows : 



Page No. Issue 

* * 

Title Original 

A . . . .' ; . Originajl ^ ■ „1 

i . . . . Original 

A 1 thru 40 Original . - 

. .Annex (3 pages) 15 May 73 



/ 



DISTRIBUTION: ATC/TTMS-1, AULD-l, SGPM-1, TCE-100, TTOT-1, 
TTOX-1, TTOR-1, TTE-1, CCAF/AY-2 - , 

• ; . y * • V 

A ' ' 

• 22 



- J 



teges^ - 21 -df this publication have been deleted in 
adapting tnis ;naterial for inclusion in the "Trial 
Implementation of a' iviodel System to Provide Jilitarv Curriculum 
Materials for Use in Vocational and Technical Educatipn." - 
The deleted material is included in Electrician I & II (course 
3-17). 
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* • 

PLAN OF INSTRUCTION 

« 

■ 1 ■ "■ — £ 


COURSE. TITLE • 

Electrician 


BLOCK TITLE 








Conduit Wiring 








* UNITS OF INSTRUCTION AND CRITERION OBjECTJVtS V 


DURATION 
(NOURS) 

2 


3 


~ 1 — 5 — ' 

SUPPORT MATERIALS AN D GUIDANCE 


• 


6 , 
(6/0) , 
Pay 21 
.0/0) 

(3/0) 


Column 1 Reference STS Reference 
la, lb - ii ' . 

Instructional Materials x< 
SG AFS 54; 55, 56,<{ Publication* * 
SG 3ABR54230-1-ID-1, Publications 
WB 3ABR^4230-l-m-l, PublicitioiB 1 
ait rorce irUDiicaiion a raining rue 


i 




Audio Visual Aids 
Transparencies, Publications 


*" ^ 


♦ 


Training Equipment ' ' 
Project -Cards (1) y 
Technical Order File (1) 
Standard Publication File(l) 

Training Methods ' 






Discussion and Demonstration (2.5 hrs) \ 
Performance (3. 5. hrs) . 






Instructional 'Environment/Design 


• 




Classroom (2.5 hrs) 
Laboratory (3.5 hrs) 
Groufc/Lockstep 






Instructional Guidance 






Explain the purpose and scope of technical order system and how to 
locate information using project cards, indexes and publications . 


PLAN Of INSTRUCTION NO. 3ABR54230-1 


DATE 


1 May 1975 


BLOC* NO. HI J PAGE NO. ^ 21 



: : ~? ' ^ n 

PtAH OF INSTRUCTION (Continued) i • 


UNtTS Of INSTRUCTION AND CRITERION OBJECTIVES 


DURATION 
(HOURS) 


^ SUPPORT MATERIALS AND GUIDANCE ^ 




2. Power Tools * 

• a. J3iven tools and equipment, index arid 
drill ht5|es in a piece of stock metal using a 
twist, bit and drill press. 

b. Given tools and equipment, dress the 
edges and comers of a 'piece of metal stock, ( 
using a bench grinder. 

c. Given tools aiid equipment, drill holes 
in a piece of stock metal using a portable drill. 

t 

// 

• 

s 


3 . 
(3/0) 

(I/O); 

\ ' 

' (1/0) 

1 

* 
1 

' 

1 
1 


Column 1 Reference STS Reference* 
2a, 2b, 2c . 5a(2). 8o(4) 

Instructional Materials • 
SG 3ABR54230-l-m-2, Power Tools 
WB 3ABR54230-l-m-2,' Power Tools 

• * 
Audio Visual Aids 

Transparencies, Power Tools w 

Training Equipment 
Portable Power Drill (8) 

Drill Press (8) * • * 
Bench Grinder (8) * 

Hand Tool Set (8) «. , 

Training Methods / < 
Discussion and Demonstration (1 hr) * 
Performance (2 h'rs) ' • 

Instructional Environment/Design 
\ Classroom \(1 hr) 

' Laboratory (2'hrs) , ^ 
Group/Lockstep "~ ' 

Instructional Guidance 

Review safety requirements for operation of power tools. Stress .the 
necessity to ground all power equipment and to wear proper safety 
appayel when working with electrical equipment. Demonstrate the use ol 
the equipment, then have the students complete the projects under close 
supervision . 

4 j f 


plan of .ns-rucuonnc 3ABR54230-1 


0ATE 1 May 1975 * block no. m 


PACE NO 


22 



r 
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PL AH OF INSTRUCTION ^Continued) 



UNlJS OF INSTRUCTION AN D C 



RlTERlON ObJttlV 

iinology and ] 



3. Conduit Tools, Terminology and Material 

a. Given information pertaining to con- 
duit tools, list th£ name and use of each tool. 

b. Given information pertaining to con- 
duit terminology, list the definition of each 
term, k , - - 

C Given information pertaining ttf con- * 
dirit materials, list the 'name and use of the 
materials. 

• • & * 



r 



duration 
„ (HOURS) 



PLAN OF >N S T RbC-T.JON SJ 3ABR5*230-1 

■ y.. \ .. — — 



s 

(3/0) 
Day 22 
(1/0) 

(1/6) 



(1/0) 



SUPPORT MATERIAL'S ANOCUIOANCE 



Column 1 Reference 
3a, 3b, 3c 



. STS Reference 
52(1), 5a(4), 5a(5), Sa(6) 



Instructional Materials - ... 

SG 3ABR54230-1-1U-3, CoriduU Tools, Terminology and Material 
WB 3ABR54230-1-III-3, Conduit Tools, Terminology and Material 
National Electrical Code 

Audio Visual Aids rt 
Transparencies, Tools, Terminology arai Material 

Training Equipment 
Conduit Tools (8) ; 

Trainer, Conduit Demonstrator (8) • • 

Hand Tool Set (8) >'t^J - 4 

T raining Methods *? 

Discussion and Demonstration (2 hrs) , . 

Performance ( 1 hr)- 

* 4 

Instructional Environment/Design 
Classroom (2 hrs) 
Laboratory (1 hr) 

Group/Lock step , * 

Instructional Guidance 

Discuss and demonstrate various types of conduit tools, terminology 
and materials. Stress safety requirements when working with tools. 



dat* i* May 1975 



2^:<«o HI 



pice no 



23 



1 2 
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PLAN OF INSTRUCTION (Continued) 



* UNITS Of (NSTrtUCTION A N 0 CRlURlON OBJECTIVES 



4. Conduit Wiring 



a. Given information pertaining to con- 
duit, complete statements in accordance with 
NEC, specifications. \ 

b. Given a length of 1/2" rigid, conduit, 
necessary tools and equipment, cut^ ream, 
thread and bend-the conduit to NEC specifi- 
cations. 

c. Given a length oU/2"-EMT, neces- 
sary tools and equipment, cut, ream and bend 
the conduit to NEC specifications. 

d. Provided a booth area, hand tools and 
a working drawing, install a single-phase, 
120/240 volt conduit service entrance find 
grounded panel board according to the NEC 
specifications. 

e. Provided a work area and necessary 
tools and Equipment, install a ceiling light, 
single poleVswitch and duplex outlet in 1/2" 
EMT actorctyig to NEC specifications. 

f. " Provided a work area, necessary 
tools and equipment, install a ceiling light 
controlled by two three-way switches accord- 
ing to NEC specifications. 



DURATION 

. (HOURS) 



38 
(30/8) 
Days 23,24 
25,26,2? 
(1/0) 



(5/0) 



_ SUPPORT MATERIALS AND GUIDANCE 



Column 1 Reference 
4a. 
4b 
4c 
4d 

4e, 41, 4g 
4h 
4i 



STS Reference 
8e, 8f(lJ, 8f(2), 8f(3) 
5a(l), 5a(4), 53(5), 8 f(2) . 
5a(l), 5a(4) 

|am, tag), 8a{3J, 8b, 8h, 8o(l), 8o(2) 
5a(l), 51(4), 8d, 8e, 8f(l), 8f(2), 8f(3), 
8i, 8m, 8o(l), 8o(2) 

5a(l); 5a(4), 8c, 8d, 8e, 8f(l), 8f(2), 4 

8f(3) .• .' . ' . 

SaOf; 5a(4J, 8fm_, 8f(2j, 8f(3), 8m, 8o(l) 

Instructional Materials 
(4/1) SG 3ABR54230-1-IH-4, Conduit Wiring 
WB 3ABR54230-l-m-4, Conduit Wiring 
National Electrical Code 

National Electrical Code and .Blueprint Reading, K. L. Gebert 
(2/1) ! Audio Visual Aids ' u 

Y Transparencies, Switch Installation ' 
Transparencies, Conduit Wiring 



(6/2) 



(6/2) 




T raining Equ ipment 
Conduit Tools (8) 
Hand Tool Set (8) 
Vise,. Pipe (4) 
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UNIIS OF INSTRUCTION AND«RlTE*«ON OBJECTIVES * 



g. Provided necessary tools and,, equip- 
ment antf using the previously instated three- 
way switch system, add a four- way switch to 
control the light from three locations according 
Jo NEC specifications. . 

h. Given a'lengtlr-of 3/4"' EMT, a fusdfl 
disconnect, tools and the necessary equipment 

.install commit and feeder conductors between 
main panel akd.dflconnect to meet NEC speci- 
fications. * 

i. -Provided a work area, necessary 
tools and equipment,, install a 220 volt recep- 
tacle in 3/4" EMT according to NEC specifi- 
cations. 9 * 



5. Circuit Extensions 



a. Given circuit extension information 
and a list of problems, find the. answer to each 
problem. 

L 

b. Provided a work area, necessary 
tools and equipment, install a circuit in sur- 
face metal racewdy from an existing outlet, 
according to NEC specifications. 




■/O 



(3/1) 



d/i) 



4 

(3/1) 
Day; 
(1/1) 



28 



(1.5/0) 



plahof.-nshuction Nc 3ABR54230- 1 



SUPPORT MATERIALS AND GUIDANCE 



TrainSg^fifethods 
Discussion and Demonstration (7. 5 hrs) 
Performance (22.5 hrs) 
Outside Assigninefit (8 hrs) 



Instructional Enyironn?ent/Design 

Classroom (7.5 hrsj \ * • . 

Laboratory (22. 5 hrs) > 

Study Hall (8 hrs) ^ * 

Group/Locketep t 

Instructional Guidance 

Discuss the different types of conduit and their uses according to the 
NEC. Explain how conduit sizes aye determined. Discuss limiting 
factors on the number aqd minimum radius of bends. Demonstrate 
cirtting, threading and bending procedures. .Explain how to determine 
circuit requirements, wire size, Color code, and conduit size. Explain 
and demonstrate- the correct method to bend conduit. Stress safety 
Check 'outside assignment" daily. Assign students to read SG 3ABR54230 
l-m-4, Conduit Wiring, and selected articles in NEC, chapter 4 on 
Conduit. Answer selected questions in NEC and Blueprint Reading 
Gebert," . , j , w 

** % . 

y 

Column 1 
51 

5c 81 



Reference 



STS Reference 

w~ 



81, '8m, 8o(l) 



Instructional Materials 
SG MBR54230- l-IIPS, Circuit Extensions 
WB 3ABR5?230-l-III-5, Circuit Extensions " 
National Electrical Code- 
National Electrical Code and Blueprint Reading, TC. L. Gebert 



SATE 1 May 1975 



BLOCK NO 



PACE NO 



25 
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6. ^ Low Voltage Circuits 



a. Provided a work area, Jools and 
necessary equipment, install a low-voltage 
circuit according to NEC specifications. 



PLAN OP ^TfON so 



3ABR54230-1 



Transparencies, Circuit Extensions 



Training Equipment 
Hand Tool Set (8) 

Multimeter, Clamp on Type, AN/USM-33 (4^ 
Training Methods 

discussion andJDemonstration (1 hr) 
Performance (2 hrs) 
Outside Assignment (1 hr) 



*3 

(2/1) 
Day 21L 



Instructional Environment/Design 
Classroom (1 hr) 7 • 

Laboratory (2 hrs) « . 

Study Hall (1 ,hr) • . * 

Group/Lockstep r 

Instructional Guidance " 
uiscuss methods and use at circuit extensions. Demonstrate procedure 
for installation of surface metal raceway and NEC requirements 
Stress safety. Have the students read SG 3ABR54230-1-III-5 Circuit 
Extensions, and selected articles in chapter 3, NEC, on Circuit 
Extensions. Answer selected questions in NEC Blueprint Reading 
Gebert. 

Ctilumn 1 Reference' STS Reference - 
6a 6f, 6i, Bod) 

Instructional Materials " v • 

SU 3ABR54230-l-m-«, Low Voltage Circuits ' , 
WB 3ABR54230-1-HI-Q, Low Voltage Circuits 
National Electrical Code 

National Electrical" Code and Blueprint Reading, K. L. Gebert 



1 May 1975 



BLOCK NO 



ra 



PAGE NO 



26 
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PL AH OF INSTRUCTION (Continued) 


UNITS Of INSTRUCTION AWO CRITERION OBJECTIVES 


DURATION 
(HOURS) 


SUPPORT MATERIALS ANO GUiOANCE 

3 






Audio Visual Aids 

Transparencies, Installation of Low Voltage Circuits 


" * a 




Training Equipment 

Hand Tool Set (8) p 


» ■» 

' c • 




Training Methods 

Discussion and Demonstration (.5 hr) 
Performance (1.5 hrs) 
Outside Assignment (1 hr) 

Instructional Environment /Design 

Classroom (.5 hr) Q 

Laboratory (1.5 hrs) 

Study Hall (1 hr) 

Group/Lockstep < 


* 

f 




Instructional Guidance 

Explain the qses of low voltage systems. Discuss the purpose and 
operation of a step-down transformer. Discuss installation and 
maintenance of low voltage systems. Have students install a circuit 
> containing a transformer, pushbutton and buzzer. Check outside 
assignment. Have students read SG 3ABR54230-1-III-6, Low Voltage 
Circuits and selected articles in chapter 7, NEC on Low Voltage Systems 
to answer selected questions in NEC Blueprint Reading, Gebert. 

^ to* 
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PLAN OF INSTRUCTION (Continued) 



UNITS OF INSTRUCTION AND CRITERION OBJECTIVES 



7. Troubleshooting Conduit Circuits 



a. Provided a multimeter and instruc- 
tions, troubleshoot an energized (120/240 volt) 
circuit to locate troubles inserted in the cir 
cuit by the instructor. 

b. Provided a multimeter and instruc- 
tions, troubleshoot a deenergized electrical 

circuit to locate trouble s inserted by the 
instructor. 

c. Using tools and instructions provided 
disconnect electrical circuits, sort materials 
and store in designated storage facilities. 



duration 

_ (HOURS) 



10 
(8/2) 
Days 28,29 
30 
(3/1) 



(3/1) 



^^""tSpport MATERIALS AND GUIDANCE 



Column 1 Reference 
7a, 7b 

7c 



STS Reference 
5b, 8o(l). 9mT 10a, 10b, 10c,. lOe, 10f(l) 
10f(2), 10f{3), lOg, lOhT loTwic 1 
5a(l) 



(2/0) 



I 



Instructional Materials 

SL^S^iSS: 1 " 111 " 7 ' Trou Weshooting Conduit Circuits 
Pi^l^fertricil^^ Tr0Ublesh0otln e Condutt Circuits 

Mc^lsuallfe ' * e ^ B1 H e P ri ^ Reading, K. L. Gebert 
Transparencies, Troubleshooting 

Training Equipment 

Trainer, Conduit Troubleshooting Test Board (8) 
Multimeter (1) r 
Hand Tool Set (8) 

4 



| Training Methods 

!■ Discission and Demonstration (1. 5 hrs) 
Performance (4,5 hrs) 




; Outside Assignment (2 hrs) 

Instructional Environment/Design 
Classroom (1.5 hrg) 
Laboratory (4. 5 hrs) 
Study Hall (2 hrs) 
Group/Iiockstep 



^ ; ~ * 1 

PL AH OF INSTRUCTION (Continued) • $ 


^ UNITS OF INSTRUCTION AND CRITERION OBJECTIVES 


OURATION 
. (HOURS) 
2 


^ * * SUP^fcRT MATERIALS ANO GUIDANCE * 


8. Appliance Maintenance 

» • 

a. Given information pertaining to 
appliance maintenance, list the, correct 
solution to each problem. 

* 

< 


5 

(3/2) . 
Day 30 
(3/2) 

7 


Instructional Guidance 

Explain the methods and procedures for troubleshooting circuits. 
Discuss the various types of troubles and use of meters in locating 
circuit troubles- Using the circuit* in the training booth, have the 
students locate and repair malfunctions.' Check outside assignments 
daily. Have students read study guide 3ABR54230-1-BI-8, Appliance 
Maintenance and selected articles in chapter 4, NEC on Appliances. 
Have students answer selected questions in NEC Blueprint Reading, 
Gebert. 

Column 1 Reference STS Reference 
8a 

Instm&ionjgL Materials 4^ 
SG 3ABR54230-1-III-8, Appliance Maintenance * * 
BSH^ Maintenance 
%^o$&%i§s l V 5 * Blue Print Reading, K. L. Gebert ' 
Transparencies, Appliances 

Training Equipment j 
Trainer, Electrical Components (8) 

Training Methods 

Discussion and Demonstration (3 hrs) - 
Outside Assignment (2 hrs) « 

Instructional Environment/Design p 
Classroom (3 hrs) 
Study Hall (2 hrs) 
Group/Lockstep 
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1 / , 

PLAN OF INSTRUCTION'(Cont,„ u #d) 


^ UNITS Oj INSTRUCTION A N 0 CRITERION OBJECTIVES 


DURATION 
(HOURS) 


5 support materials and guidance 


» 

9. t Related Training 

10. Measurement Test and Test Critique 
> 

. * 

« / 

• 

an of instruction no 3AQR54230-1 

V 


* 

6 

2/0 
Day 30 

\ 

0ATE 1 Maj 


Instructional Guidance * 
udine an appliance. Discuss methods and procedures of identifying and 
correcting appliance troubles. Discuss the various parts of appKces 
and the problems with each. Check outside assignments daily Have 

sSectt a r rHM 8tU ? y "PS SA BH642S0-l-ni-8, Appliance Maintenance, 
selected articles in chapter 4, NEC, on appliances. Have students 1 , 
answer selected questions in NEC Blueprint Reading, Gebert. 

. ■* » ' 

< 

i 

Si 

* 6 T 
< 
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E^C 



V 



ERIC 



, — . 


/ 


i ■ , . 


• * PLAN OF INSTRUCTION 


COURSE TITLE 

Electrician y 


OJtUtH III Lb l 






Motors and fYinfrrnlfi 






UNITS OF INSTRUCTION AND CRITERION OBJECTIVES 


DURATION 
(HOURSJ 

7 


SUPPORT MATERIALS AND GUIDANCE 
3* * 


1. Three-Phase Motor Systems . 

a. - Gii&en the required information, 
select the equipment necessary to install a 

tKree- phase motor to power so the installation 
will meet NEC and manufacturer's specification* 

b. • U§ing a three-phase motor trainer 
and previously selected equipment, install and 
operate a three-phase motor on high voltage. ' 
Installation must meet NEC and manufacturer's 
specification^ * 

c. Using a three-phase motor trainer 
and previously selected equipment, connect*', 
and operate a three-^hase motor Oft low volt- ' 
age,. Installation must meet tyEC and manu- 
facturer's specifications: * 

P d. Using a three-phase motor trainer 
with previously installed three-phase motor, 
change power leads to reverse the direction 
of rotation to meet*NEC and manufacturer's 


32 
(24/8). 

Days 31,32 

33, 34 
(6/2) 

i. 

<2/U* 
(2/1) . 
(1/0) 


Column 1 Reference STS Reference /• 
la 6i, 7b, 9d, 9g,/6f, 
lb 6i, 7b, 9d 7*1 , 
lc, Id * 7b, 9d / 

le 93, 9f v 
If, lg, lh, li , 9d, 91 . 0 J 

Instructional Materials 

-SQ3ABR54230-1-IV-1, Three -Phase .Motor Systems 
WB 3ABB54230-1-IV-1, Three -Phase Motor Systems 

National Electrical Code * . 

National Electrical Code and Blueprint Reading, K. L. Gebert 

. Audio Visual Aids 

TF l-5660a, Motor Connections c ' 
TF*66827 Motor Controllers 

Training Equipment 

Trainer RnfraHntr JL/TormoHo Ci^M 

1 1 dnici , nuiaiing Magnetic r leia (0/ 
Trainer, Motor and Motor Control (1) , 
Trainer, AC Motor Installation Demonstrator (8) 
Trainer, Operation of Float Switch Control (8) 
Hand Tool Set (1) 

• 

Training Methods 






Discussion and Demonstration (U hrs) 
Performance (13 hrs) 
Outside Assignment (8 hrs) 


PL AN or INSTRUCTION NO. *l A ODRiOIA 1 
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7 
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PLAN OF INSTRUCTION (Continued) % # 


^ UNITS OF INSTRUCTION AND CRITERION OBJECTIVES 


OJRATION 
. HOURS* 


* ?» w ?PORT MATERIALS AND GUIDANCE 


e. Using a three- phase motor trainer, 
select an adequate motor overload protective 

< device in accordance with the NEC, motor 
data plate and manufacturer's specifications. 

f. Using a three-phase motor trainer, 
install a start/stop station to ^fhree-phase 
magnetic controller to control^ three-phase 
motor. Installation must meetWEC and 
manufacturer's specifications. 

» 

g. Using a three-pl8jBe motor trainer, 
install two start/stop stationsto a three- 
phase magnetic controller to control a three- 
phase motor. Installation must meet NEC and 
manufacturer's specifications. 

b. Using a three-phase motor trainer, 1 
install a thermostatic control to a three- i 
phase magnetic controller to control the | 
operation of a three-phase motor. Installation ! 
must meet NEC and manufacturer's specifi- ! 
cations. ! 

x i 

i. Using a three-phase motor trainer, j 
install a reversing start/stop station and a i 
Magnetic controller to control the direction 1 
ft rotation of a three-phase motor in (accord- | 
ance with NEC and manufacturer's sdecifi- i 
pations. . j j 

r \ 

^ \ 

\^ . j 


(4/1) 
(3/1) 

(2/1) 

(2/0) 

1 

1 

(2/i) i 

/ 


Instructional Environment/Desipn 
Classroom (11 hrs) 
Laboratory (13 hrs) ^ 
Study Hall (8 hrs) 

Group/Lockstep % 
Instructional Guidance 

Discuss components and theory of operation of three-phase motors 
and controls. Discuss the NEC selection requirements of motors^and 
controls based on the area in which the units will be located. Discuss 
data plate information, mechanical coupling to equipment and electrical 
installation. Trace and discuss schematics and wiping diagrams of 
motors and controls. Check outside assignments daily. HaU students 
read selected sections of SG 3ABR54230-1-IV-1,' Three- Ph*L Motor 
^sterns and selected articles in chapters 4 and 6 erf NEC onMotors 
Have students answer selected questions'in NEC Blueprint Headii*, 

> 

V 

1 

1 

*■ 

• * 
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PLAN OF INSTRUCTION (Cont.nutd) 



JNiT> OF INSTRUCTION ANO CRITERION OBJECTIVES 



our ah on 

(HOURS) 



2. Troubleshooting Three- Phase Motor 
Systems 

a. Using a three-phase motor and 
trainer, inspect the motor installation in 
accordance with manufacturer's specifications 

/ 

b. Given a three-phase motor and oontro 
system with electrical faults and test equip- 
ment, repair faults to meet manufacturer's 
and NEC specifications. 

c . Using tools and instructions provided 
disconnect electrical circuits, sort materials ' 
ahd store in designated storage facilities. 



8 

(6/2) 
Day 35 
(1/1) 



V 



(4/1) 



(1/0) 



PL *M 0' Ni*^:i ON NO. 



SUPPORT MATERIALS AND GUIDANCE 



Column 1 Reference 
3b 

2c * 



3ABR54230-1 



STS Reference » ' 
fta.aoa, lOd^lQg, ibj 

iof(i\ 5 whiJj' di ' 10e> 10f(1) ' 10f(2); m3) > 

5a(l) ' 

Instructional Materials 

^SS 1 ?; 2 ,' Troubleshooting Three- Phase M.otor Systems 
NaUo^S Three-Phase Motor Systems 

^^^^bot and Blueprint Reading, K. L. Gebert 

Trainer, Motor and Motor -Control (1) 
Multimeter (1) w 
Megometer (4) 

Hand Tool Set (1) * 
Training Methods 

Discussion and Demonstration (l. v 5 hrs) 
Performance (4.5 hrs) * 
Outside Assignment (2 hrs)\ 

In structional^E^vironment/Design - 
Classroom (1.5 hrs) 

Laboratory (4. 5 hrs) * ' 

Study Hall (2 hrs) # 
Group/Lockstep 

i nstructional Guidance 

discuss conditions that cause malfunctions in motors and motor control 
systems. Explain the logical procedures for isolating troubles and 
correcting malfunctions. Put troubles into the installed motor system 
and have the students troubleshoot the system. Stress safety pre- 

SSXXin 0 ^ S* 81 * I? 81 **™* 8 ^"y- Have students read SG 
3ABR54230-1-IV-2, Troubleshooting Three- Phase Motor Systems, 

' U^SM^ ^ ^. ftMST* gde an d complete test 
1 May 1975 | block no. w — ™ | page no, 



2J 



PLAN Of INSTRUCTION (Continue 



jF NSTRUCTlON AND CRITERION OBJECTIVES 

I 3. Singte-Phase Motor Systems 

_ , I • a - required inf9rmation,select 

] toe equipment necessary to install a single- 
\ I phase motor to a power source. Installation 
must meet NBC and manufacturer's specifi- 
cations. 0 ~ 

b. Using a single-phase motor trainer 
and previously selected equipment, install and 
operate a single-phase motor tor low voltage 
operation. Installation mu* meet NEC and % 
manufacturer's specifications. 

* * 

c. Utring-a single-ptose motor trainer 
and previously installed equipment", connect 
and operate a single-phase motor for high" 
Vjgjttage operation. Installation must meet 
NEC and manufacturer's specifications. 

** \ 
. d. Using* a single-phase motor trainer 
«Ath previously Installed single-phase motor, 
change motor leads to reverse the direction 
of rotation in accordance with NEC and 
manufacturer's specifications. 

'. * . 

e, Using a single-phase motor trainer, 
laMall a drum switch to control the operation 
of a single-phase motor. Installation must 
meet NEC and manufacturer's specifications. 



■ " ** •■ '»i.C* On no. 



3ABR54230-1 



DURATION 
. (HOURS! 



24 

,(18/6) 
Days 36, 37 
38 
(6/2) 



(2/1) 



(.5/0) 



(.5/0) 



(3/1) 



Column 1 Refe rence 
3a 

3b, 3c, 3d 

fe. -3', 3g, 3h, 3i 



SUPPORT MATERIALS AND OUl DANCE 

STS Reference 
SiT^ 
6i, 9d 

6L 7b, 9d t 91 



Instructional Mat erials 

Single-Phase Motor Systems 
WB 3ABR54230-1-IV-3, Single-Phase Motor Systems 
National Electrical Code 7 
National Electrical Code and Blueprint Reading, K. L. Gebert 

Audio'Visual Aids ^ 

11 5 6 5? b ' Sto 6 le -Phase Motor Connections 
TF 6180b, Motor Control System 

Training Equipment 
Hand Tool Set (1) 

Trainer, Motor and-MQtpr Control (1) 
; Trainer, Electric Moto^Exploded (8) 

l Training Methods 

> Discussion and Demonstration (7 hrs) 

! Performance, (if hrs) 

j ■ Outside Assignment (6 hrs) 

| Instructional Environment/Desi gn - * 

I Classroom (7 hrs) . 

Laboratory (11 hrs) / 

Study Hall (6 hrs) 

Group/Lockstep 
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PLAN OF INSTRUCTION (Continue^ 


^ JNiTj 3F INSTRUCTION AnO CRITERION OBJECTIVES 


DURATION 
IHOUffS) 


^ SUPPORT MATERIALS ANO GUIDANCE 


2. Troubleshooting Three- Phase Motf r 
Systems 

a. Using a three-phase piotor and 
trainer, inspect the motor installation in 
accordance with manufacturer's specifications. 

b. Given a three-phase motor and contro 
• system with electrical faults and test equip- 
ment, repair faults to meet manufacturer's 

' and NEC specifications. 

► • • 

c. Using tools and Instructions provided, 
disconnect electrical circuits, sort materials 
and storejtn designated storage facilities. 

o 


8 

(6/2) 
•Day 35 
(1/1) 

'(4/1) 
(I/O) 

• 

; 


Column 1 Reference STS Reference * 
2a *a, 10a, lOd, 10g, lOj 

2b 5a(l), 5br5e(l), 9i, lOe, 10f(l), 10f(2), 10f(3), 

10f(4), lOh, lOj 1 h 
2c 5a(l) 

Instructionaf Materials 

SG 3ABR54230-1-IV-2* Troubleshooting Three- Phase Motor Systems 
WB 3ABR54230-l-IV-2, v Troubleshooting Three- Phase Motor Systems 
National Electrical Code 

National Electrical Code and Blueprint Reading, K. L. Gebert 

Training Equipment - 

Trainer, Motor and M6tor Control (1) 

Multimeter (1) , 

Megometer (4) - 

Hand Tool Set (1) * 
Training Methods 

Discussion and Demonstration (1 . 5 hrs) 
Performance (4.5 hrs) 
Outside Assignment (2 hrs) 

Instructional Environment/Design 
Classroom (1.5 hrs) 

L»aooratory (4.5 hrs) . ) ^ 

Study Hall (2 hrs) * ; y 

Group/Lockstep ' 

* — * df 

Instructional Guidance * 
biscuss conditions that cause malfunctions in motors and motor control 
systems. Explain the logical procedures for isolating troubles and 
correcting malfunctions. Put troubles into the installed motor system 
and have the students troubleshoot the system. Stress safety pre- 
cautions. Check outside assignments daily. Have students read SG 
3ABR54230-1-IV-2, Troubleshooting Three- Phase Motor Systems 

mWlVu°et^ ffikilJ* *° ide and cbm * ete test 
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' -n *: 3* NSTRuCTiON AND CRITERION OBJECTIVES 



3. Single -Phase*Motor Systems 



a. Given the required iriforraation,select 
the equipment necessary to install a singlp- 
phase motor to a powe^ source. Installation 

-^st~mfet NEC and manufacturer'^rSpecifi- 

<> 

b. Using a single-phase motor trainer 
and previously selected equipment, install and 
operate a single-phase motor for low voltage 
operation. Installation must meet NBC and 
manufacturer's specifications. 

c. Using a single-phase motor trainer 
and previously installed equipment, connect 
and operate a single-phase motor for high 
voltage operation. Installation must meet 
NEC and manufacturer's specifications. 

* 

* d. Using a single-phase motor trainer 
with previously installed single-phase motor, 
change motor leads to reverse the direction 
of rotation in accordance with NEC and * 
manufacturer's specifications. 

* * 
e - Using a single-phase motor trainer, 
install a drum switch to control the operation 
Of a single-phase motor. Installation must 
meet JYEC and manufacturer's specifications. 



PLAW OF INSTRUCTION (Cont.nMtcO ^ 



♦ 2 



DURATION 
(HOURS' 



24 

(18/6) 
Days 36, 37 
38 
(6/2) 



°« M0 3ABR54230-1 



(2/1) 



■ SUPPORT MATERIALS AMD GUIDANCE 



Column 1 Refere nce 

3a ; 

3b, 3c, 3d 

&f 3f, 3g, 3h, 3i 



STS Reference 
6i, 9d 

6i. 7b, 9d, 91 



Instructional Mat erials 

^ S A»^ S0 " 1 * 1V " S ' Sl ?gte-Pliaae Motor Systems 
WB 3ABR54230.1-IV-3, Slngle-Phas^Wotor Systems 
National Electrical Code 

National Electrical- Code and Blueprint Reading, K. L. 

Audio Visual Aids • /- 
TF b660b, Single-Phase Motor Connections 
TF 6180b, Motor Control System * ■ 

^ 5 /°) Training Equip ment 
Hand Tool Set (1) 

'Trainer, Motor and Motor Control (1) 
1 Trainer, Electric Motor Ekploded (8) 

Training Methods 
(.5/0) Discussion and Demonstration (7 hrs) 
. !. Performance (11 hrs) 
K , Outside Assignment (6 hrs) 

! Instructional Environment/Design 
| Classroom (7 hrs) 
(3/1) Laboratory (11 hrs) 
[ Study Hall (6 hrs) 
Group/Lockstep 



Gebe rt 
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IV 



PACE NO 



3'4 



41 



45 



. ' PLAN OF INSTRUCTION (Continued) 


^ UNITS OF INSTRUCTION -nD CRITERION OBJECTIVES 


OURATION 
MOuRSi 


SuPPOR* v>A~£*'Al$ AND GuiOANCE 

3 


f. Using a single-phase motor trainer, 
install one start/stop station to a single- phase 
magnetic controller to control the operation of 

' a single-phase motor. Installation must meet 
NEC and manufacturer's specifications. 

* 

g. Using a single-phase motor trainer, 
in*all two start/stop stations to a single- 
phase magnetic controller to control the 
operation of a single-phase motor. Instal- 
lation must meet NEC and manufacturer's 
specifications. 


(2/1) 
\ 

(1/0) 


Instructional Onirlanro 

Discuss components and theory of operation of single-phase motors and 

controls. Trace and discuss schematics and wiring diagrams of mptors 

and controls. Discuss installation procedures and NEC requirements 

for motors and controls. Discuss the personnel safety and equipment 

care required in the operation and use of motors. Have students read 

selected sections of SG 3XbR54230-1-tv-^ ^tmriA Dhooo n„ offl ^ f 
" BwtAwiio \j* wj wnuiwi««u" »*iv"o j oiiiKtv * litis" iviocor oysienis 

Review selected articles in chapters 4 and 6 of the NEC and answer 

selected questions in NEC Blueprint Reading, Gebert. 


h. , Using a single-phase motor trainer, 
install a thermostatic control to previously 
installed magnetic controller to operate a 
single-phase motor system. Installation must 
meet NEC and manufacturer's specifications. 


(1/0)' 


9' $ 


i. Using a single-phase motor trainer, 
in*all a hand-off-automatic switch and thermo- 
stat to previously installed single-phase mag- 
netic controller to operate a single-phase 
motor system, 'installation must meet NEC 
and manufacturer's specifications. 

« k 

M 

J- ' ' 


(2/1) 


\ * * 

** * 
• - 0 

V 

■A 

t 

t 


tLAHor instruction no. 3ABR54230-1 
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* PLAN OF INSTRUCTION (CoAtmu*4 


^ UNITS Of INSTRUCT ION /awO CRITERION OBJECTIVfS 


DURATION 


■ \ ■ 

SUPPORT MATERIALS AND CUIOANCC , 


4. * Troubleshooting Single- Phase Motor 
Systems 

*V a. Using a single- phase motor and trainei 
inspect the motor installation in accordance 
with manufacturer's and NEC specifications. 

b. Given a single- phaW motor and con- 
trol, system with electrical faults and test 
equipment, repair faults to mdpt manufac- 
turer's and NEC specifications! 

j ' 

c. Using tools and instructions provided, 
disconnect jelectricsfl circuits, sort materials 
and stor<p in designated storage facilities. 

• 

** 

e 

> 


8 

(6/2) : 

Day 39 

(i/i) 

(4/1) 
(1/0) " 


Column 1 Reference STS Reference 
k 4a 9a, 10a, lOg, lOj 

4b K(iy71bT9e{l), 9L lOe, ipf(l), 10f(2), 

10f(3),jm(^10h^lgr 
4c SaH) * " 

Instructional Materials * 
SG 3ABR54230-1-IV-4, Troqbleshootin£single-Phase Motor Systems 
WB 3ABR54230-1-IV-4, Troubleshooting Single-Phase Motor Systems 
Natioiial Electrical Code 

National Electrical Code and blueprint Reading, K. L. Gebert 
Training Equipment 

Trainer, Motor and Motor Control (1) 

k Multimeter (1) 

Megohmmeter (4) 

Hand Tool Set (1) - _ 

.Training Meih<ide 

Discussion and Pemonstration (1:5 hrs) 

Performance (4. 5 hrs) • 

Outside Assignment (2 hrs) 

Instructional Environment/resign 

Classroom (1.5 hrsj 

Laboratory (4.5 hrs) 

Study H5LU (2 hrs) , 

Group/Lockstep 

Instructional Guidance ' , 

Discuss conditions that cause, malfunctions in motors and motor*control 
systems. Explain the logical procedures for isolating troubles and 
correcting malfunctions. Put troubles into the installed motor system 
and have the students troubleshoot the system. Stress safety precau- 
tions. Check outside assignment daily. Have students read SG 3 
3ABR54230-1-IV-4, Troubleshooting Single Phase Motor Systems, 

*" ide and complete test4B in NEC 


' LW V 'nstruct.on no 3ABR54230-1 
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, PLAMOFJNSTRjjCTION (Continue 


UNITS Of INSTRUCTION ANO CRITERION OBJECTIVES 


DURATION 
(HOURS) 


• SUPPORT MATERIALS ANO GUIOANCE 


5. Motor Generators, Control Panels and 
Circuit Breakers. 

a. Using information provided, write the 
; purpose of a motor control center and list its 

major components. 

b. Using information provided, write the 
purpose of a motor generator set and list its 
major components, 

* 

N 

6. Measurement Test and&fest Critique. 


6 

(4/2) 
Day 40 

(2/1) * 

<2Ai_~ 

* 

2/0 

Day 40 


Column 1, Reference STS Reference ' 
5a, 5b J, TNc 

Instructional , Mate rials 

SG 3ABR54230-1-IV-5, Motor Generators, Control Panels and Circuit 
yfereakers 

VfB 3ABR54230-1-IV-5, Motor Generators, Control Panels and Circuit 
A .Breakers 
Rational Electrical Code 

National Electrical Code and Blueprint Reading, K. L. Gebert 
Training Equipment 

Trainer, Motor Control Center and Motor Generator Set (8) 
Trainer, Line Alternator Motor Control 18) 

* - 

Training Methods 

Discussion and Demonstration (3 hrs) 
Performance (1 hr) % 
Outside Assignment (2 hrs) 

Instructional Environment/De Acn 
Classroom (3 hrs) 
Laboratory (1 hr) 
Study Hall ( 2 hrs) 

Instructional Guidance 

Familiarize students with the components of the .motor control panels, 
and their purpose* Identify the pttr(fose, components and operations of 
a motor generator set* Check outside assignment daily. Have students 
read SG 3ABR54230-1-IV-5, Motor Generators, Control Panels and 
Circuit Breakers, selected articles in chapter 7, NEC, answer selected 
questions in NEC Blueprint Reading, Gebert. 
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PLAN OF INSTRUCTION 

\ . r , 


COURSE TITLE 

Electrician . * * 


^LOCK TITLE 

Controls and Alarm Systems ^ 




• * v 


^ UNITS OF INSTRUCTION ANO CRITERION OSJECT'VES 


DURATION 
'(HOURS) 

2 


SUPPORT MATERIALS ANO CUIOANCE 

3 


1. Intrusion Alarm Systems 

* 

a. Given information pertaining to 
intrusion alarm systems, inspect and service 

electrical SVStpmR anrl rnmnnnonk 

b« Using meter, trainer _and wiring 
diagram, trouble shoot and repair electrical 

Systems and comnonpntfi nf intmainn o1o«*m 

systems. 


18 

1 (18/0) ' 
Davs 41,42 
and 43 
(12/0) 


Column 1 Reference STS Reference 
la Qo(3) ' 
ll > , 7a, 9o(3) 

Instructional Materials 


(6/0) 


SG 3ABR54230-1-V-1, Intrusion Alarm Systems 
WB 3ABR54230-1-V-1, Intrusion Alarm Systems 

Audio Visual Aids ■ - 
Transparencies, Intrusion Alarm Systems 

Training Equipment \ 






x rainer, intrusion Alarm (o) 

Multimeter (4)^ - . 


> 




Training Methods y 


* 

*■ 




^Discussion and Demonstration (12 hrs) / 
performance {6 hrs) / 






instructional Environment/Design 


* 




/Classroom (12 hrs) 

Laboratory (6 hrs) / - 
Group/Lockstep ■ v 

^ Instructional Guidance • ' 


! ■* , 




Discuss the various' types of intrusion alarm systems wtth students. 
Cover the theory of operation, terms and definitions. Trace wiring 
diagrams. Demonstrate operation of the intrusion alarip trainers. 
Students will inspect, service, troubleshoot and.repair electrical 
components using meter. * 


PLAN OF INSTRUCTION NO. 3ABR54230-1 
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^6 



: - 

i ■ 


5 1 5 " \ i 

, PL AH OF INSTRUCTION (Coni.nu»d) 


,9 

^ UNITS OF INSTRUCTION AND CRITERION OBJECTIVES 
• v 


DURATION 
(HOURV 


i SUPPORT MATERIALS an(AguiDANC£ 


2. Fire Alarm Systems 

a. ' Given information pertaining to a fire 
alarm system, trainer and wiring diagram, 
identify components and trace electrical 
circuits. ~ 


8 

(6/0) 
Days 44 ,'45 
(4/0) 


Column 1 Reference S# Reference 

2c 7a| gggj 
Instructional Materials. ... 
SG3ABR54230-1-V-2, Fire Alarm Systems' , * 
WB 3ABR54230-1-V-2, Fire Alarm Systems 


b. Given fire alarm trainer, inspect and 
service electrical systems and components. 
* ' » * 
c> Given a fire alarm trainer and meter, 
. trouble shoot and repair electrical jvstems and 
components. W 


(1/0) 
(3/0) 


i ' 
Audio Visual Aids 

J Transparencies, Fire Alarm Systems 

Training Eauipment 
Trainer, Fire Alarm Systems (8) 
'Multimeter (2) 

Hand Tool Set (2) % ' 


*« . ■ 
• * 

* 




Training Methods 

Discussion and Demonstration (4 hrs) ' 
Performance (4 hrs) 




1 


Instructional Environment/Design 
Classroom (4 hrs) 
Laboratory (4 hrs)" 
Grouo/Locksten 

, * 


<> 




Instructional Guidance J ~ 
Discuss tyj>es df fire alarm systems. Discuss theory of operation 
terms and definitions. Trace wiring diagrams. Demonstrate operation 
of fire alarm trainer. Students will u?e wiring diagram to trace and ' ^ 
trouble shoot electrical components of systems. 

ft***- 


piah of inst ruction no. 3ABR54230-1 v ' 
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PLAN OF INSTRUCTION (Continued) 


^ UNITS OF INSTRUCTION AND CRITERION OBJECTIVES 


OUR AT ION 






(HOURS)^,^- 


• j ^^^^^ SUPPORT MATERIALS ANOCUlDANCE 


3. Cathodic Protection and Corrosion Control 

a. Given information pertaining- to . 
corrosion, match correct terms with Hpfini- 
tions. 

* « 

b. Given information pertaining to 
cathodic orotection romniptp sb^pmpntR fn 
identify methods of cathodic protection. 


(2/0) 
Day 45 . 

(1/0) 


Column 1 Reference STS Reference 
3a , iok 

3b 9n • . . 
Inatructional Materials' ' 

SG 3ABR54230-1-V-3, Cathodic Protection and Corrosion Control 
WB 3ABR54230-1-V-3, Cathodic Protection and Corrosion Control 

Training Equipment 

Trainer, Impressed Current Cathodic Protection System (8) 
Training Methods 

uisaxssion ana tie monsc ration (* nrs) 
Instructional Environment/Design 


• 




Classroom f2 hrsl 
Group/Lockstep 






Instructional Guidance 


4 

4. * Related Training 


10 


Discuss the effects of corrosion qn metal. Introduce cathodic protection 
as a system to prevent or retard the deterioration of metal structures 
due to corrosion. Show impressed current system trainer to students. 


5. Measurement Test and T6st Critique 


1/0 
Day 45 




i 

6. 'Course Critique and Graduation 


1/0 
Day 45 

/ 
) 


t 
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^INSTRUCTOR 
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3ABR54230-1 


COURSE TITLE 

Electrician 


■LOCK NUMaCR 

ni 


BLOCK TITLE 

Conduit Wirincr 


LESSON TITLE ■■ 

Power Tools (bav 22\ * 


— p-r LEUON DURATION 


3 Hrs 


Complementary ' 

0 


TOTAL 

3 Hrs . 


PAGE NUMBER ^ 

22 


' *POI REFERENCE 
PAGE OATC' 

1 Mav 75 


PARAGRAPH 

2 


NUMBER 
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SIGNATURE 


SUPERVISOR 
OATC 


APPROVAL 








SIGNATURE 


OATE 


















PRECLASSPRI 


JPARATION J 




EQUIPMENT LOCATED 
IN LABORATORY ' 


EQUIPMENT 
^ ROM SUPPLY 


CLASSIPtCO MATERIAL 


GRAPHIC AIOSI ANO 
UNCLASS1FIEO MATERIAL 


Portable Power 

Drill 
Bench Grinder 
Hand Tool Set 
Projector, Over- 
head 


„ None 


None 


SG HI-2; 
WB HI-2 
Transparencies,. 
Power Tools 


2a. Given tools and equipment, index and drill holes in a piece of stock metal 
using a twist bit and drill press. 

(1) Characteristics of a drill press 

(2) Operating procedures 

(3) Safety procedures for using a drill press 

2b. Given tools and equipment, dress the edges and corners of a piece of metal 
stock using a bench grinder. 

» 

(1) Characteristics of a bench grinder 

(2) Operating procedures 

(3) Safety precautions 
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LESSOR PLAN (Part 1, CM.nl) CONTINUATION SHEET 


/ 




CRITERION OBJECTIVES AMD TEACHING STEM (C*atlnu*4 






2c. Given tools and equipment, drill holes in a piece of stock metal using a 
portable drill. , 

(1) Characteristics of portable drills 

(2) Operating procedures r* 

(3) Safety precautions 

% 




* 


i . ^ ' 

■» * 

> 

\ 

« 
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•* 

*- 
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Course No: 3ABR54230-1 Branch Approval- 
Day: 22 . Date ; 

% 

PART n 




* INTRODUCTION (5 Minutes) / 

* 




CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: 


V*- » 


REVIEW: 


♦ 


Review subject matter covered in previous 
day or individual-problem area. 


> 

m 






- • . - ATTENTION: 

< 

t 




* A 

# 


• 


OVERVIEW: 


t 

1 


♦MOTIVATION: 




f 

2 




f 




ERIC 





.. . » 

s 


• * * '. BOPY ( 2 Hours 45 Minuteup ( 


* 

3J 




PRESENTATION: 

* 




% 


2a. Given tools and equipment, index and 
drill holes in a piece of stock metal, 
using a,twist bit and drill press. 

« 


> 


> 

t « 


(1) Characteristics 

• * 


# • 


j.- * 

\ 


(2J Operating procedures . 


* * 

s 

. ■«- 




■ <0 

» * h * 

C 0 


<* 


0 


(3) Safety procedures for using 

a-drill press * c ' 




i 


c- . . •: • \> 






7 

2b. Given tools and equipment^ dress „ ,' 

the edges and corners of a piece of . . - 
metal.stock^ using a bench grinder. 


\ 

4. 

i * 




. . . . .. % 






(I) Characteristics of a tjench ' 
grinder 


• 


I 

1 


(2) Operating procedures 

> * 

(3) Safety precautions ' 

• * 

i 


• 


* 

j,ERJC 


■•' -A ' 3 • 

0 * 

\ * 

,61 


• t 

V 

> * 



. 2c. Given tools and equipment, drill holes 
in. a piece of stock metal using a . 
portable drill, 
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(1) Characteristics trf portable drills 



(2) Operating procedures 



(3) Safety precautions 



APPLICATION: 



WB 3ABR54230-1-IE-2, Pdtfer Tools , 



3> 



EVALUATION: ' 

Evaluate by oral, written questions, ^ 
and/or observation of students 
performance during lesson. This 
may be accomplished at any time during 
lesson for increased effectiveness. 

CONCLUSION (First thr< hours Day 22) 

SUMMARY: r 
Cover main "points of lesson. 
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Tl^ay 22) 
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3Hrs 



COM^ICMENTARY 
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TOTAL 

3 Hrs 
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PAOB DATE 

1 May 75 


PARAONAPH 
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$T$/CT$ REFERENCE 


NUMSCH 

542X0. Chances 1. 2. 3. 4. and 5 


oat* 2 Dec 70 (44 Jan 73, 6 Mar 73, 

18 Anr73 9.5 TPnh 74 7 Nnu 74^ 


SUPERVISOR APPROVAL. 



SIGNATURE 


OATC 


SIGNATURE ( 


OAT E 



























PRECt'ASS PREPARATION 



EQUIPMENT LOCATED * 
IN LABORATORY 


EQUIPMENT 
PROM SUPRLY 


CLASSIFIED MATERIAL 


GRAPNIC AIDS ANO 
UNCLASSIFIED MATERIAL 


Conduit Tools 
Trainer, Conduit 

Demonstrator 
Hand Tool Set 
Projector, OveiH 

head 


None 


-None 


SG HI-3; WB BI-3r 
National Electrical 
Code; Transparen- 
cies, Tools, Termi- 
nology and Materials 



CRITERION OBJECTIVES ANO TEACHING STEPS 



3a. Given information pertaining to conduit tools, list the name and use of each 
tool. • 

(1) Hand tools • 

(2) Power tools 

(3) Correct use of tools „ - ^ 

(4) Carfe of* tools 

(5) Safety while using tools 

3b. Given information pertaining to conduit terminology, list the definition of 
each term. *** * T Sk 

(1) Conduit terms 



ATC 



770 
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LISSOM PLAN (Part I, COMJINUATION SHEET 



CRITERION OBJECTIVES AND TEACHING STEPS (C*Atim*4 



(2) NEC definitions 

3c. Given information pertaining to conduit materials, list the names and uses 
of the materials < v , 

(1) Types of materials ^ 

(2) Uses of materials 
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Course No: 3ABR54230-1 Branch Approval: i^jj^u. / ^^hj^ 

22 ' : * "* Date: J^J^Z ftrfZZ 

PART II ^ 



- INTRODUCTION (5 Minutes) 

4 ' ♦ r 

ATTENTION: 



REMOTIVATION: 



OVERVIEW: 



' 1 



I 



7 



•vf 



"BODY '(2 Hours 45 Minutes) 



PRES ENTATION ! 



3a. Giv*m information pertaining to . 
conduit tools, list the name and 
use of eacli tool. \ > 



37 



(1) Hand tools 



(2) Power tools 



(3) Correct use of tools 



< / * (4) Care of "tools 

(5) Safety while using tools 



3b. Given information pertaining to 
conduit terminology, list the 
definition of each term. 



r . 



ft) Conduit terms 



(2) NEC defihitions 
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3c. Given information pertaining to 
conduit male rials % list the n«fme 
and use of the materials. 



(1) Types of materials 



(2) * Uses of 'materials 



APPLICATION: 

WE 3ABR34230-1-III-3, Conduit Tools, 
Terminology ind Materials 



\ 



EVALUATION: * ^ 

- * 

Evaluate by oral, written questions, 

and/or observation of student's 

performance aurin^ lessons This may 

be accomplisned at any time daring \ 

lesson for increased effectiveness"^ 

CONCLUSION (Day 22, 10 minutes) 

SUMMARY: 

. s * * 

> \ * 

STUDY ASSIGNMENT: . 
SG 3ABR54230-l-m-4, Conduit' V/irJing 



T 
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INSTRUCTOR 
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c 


COURSE NUMBER 

3ABR54230-1- 




COUME TITLE 

Electrician 


■LOCK NUMBER , 
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BLOCK TITLE 

Conduit Wirine 








LESSON -TiTUf " 
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SIGNATURE 


OATE 


SIGNATURE 
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PRECLASS PREPARATION 


1 


EQUIPMENT LOCATEO 
1N LABORATORY 


• equipment 
from supply 


CLASSiPlEO MATERIAL 


GRAPHIC AIDS'ANO 
UNCLMSIPIEO MATERIAL 


Conduit Tools 
% Hand Tool Set ^ 
Vise,- Pipe 
Projector, Over- 
head j 


None 

V 


/ 

None 

> 


,w ifi.4t m IM.4; 

national Electrical Cooe 
national Electrical Cooe^ 

ANO BLUEPRINT HSMUHjZ 

Transparencies, Switch 

Installation 
Transparencies. Conduit 

Wiring 


CRITERION OSJECTIVES ANO TEACHING STEPS 




4a. Given informationjgerteining to conduit, complete statements>in accordance 
with NEC specifications. 


(1) Installation requirements ' 








\ 4 


(a) Article 215 

(b) - Article 346 

(c) Article 348 

(d) Article 350 




*. 




■» 


ft 


m (2) Forming conduit 


t 


* ■* 








(a) Types of bends 


• 






■ * 

JL... ' 
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LESSON PLAN (P«rt I, Q*iotI) CONTINUATION SHEET 



CRITERION OBJECTIVES AND TEACHING STEM (C»iHlnu»4) 



. - (b) How to bend 

4b. Given a laagth of 1/2 M rigid conduit, necessary tools, and equipment,, cut, 
ream, thread, and/oend the conduit to NEC specifications. 

(1) Cutting . " 
v(2) Reaming, 
(3) Threading 

4c. Given a length of l/^'^MT, necessary tools and equipment, cut, ream, and 
bend the conduit to NEC specifications. . . % 

V 

(1) Cutting • ■ . \ . 

(2) Reaming 
/* (3) Threading 

4d. Provided a booth are^, hand tools and a wtfrtong drawing, install a single- 
. phase, 120/240 vplt conduit service 'entrance and grounded panel board according 
to the NEC specifipations. 

' (1) Forming conduit 

. , (2) Panel installations * 

(3) Feeder conductors 

(4) NEC requirements 

4e. Provide* a work area and necessary tools and equipment, install a ceiling 
light, single pole v switch and duplex outlet in 1/2" EMT according to NiEC 
specifications 



(1) Installation methods 

(2) Circuitry. 



i 



4f. Provided a work area, necessary tools and equipment, install a ceiling light 
controlled by two three-way switches according to NEC specifications. 

(1) Purpose of three-way switches 

(2) Operation of three-way switches • 

(3) Circuitry • 

~ A * ' « 

( 

4g. : Provided necessary tools and equipment and using the previously installed 
three-way switch system, add a four-way switch to control the light from three 
locations according to NEC specifications. ~ 

* . - * , *• 

(1) Purpose of fou?-way switches 

(2) Operation of four-way switches t < ; 

(3) Circuitry 



ATC womm 770A 
* 9Sm Aua 71 
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LESSON PLAN (P«t I, G«n«roJ) CONTINUATION SHEET 



CRITERION OBJECTIVES AND TEACHING STEPS (C»ntlnu«4) 



4h. Given a length of a/4" EMT, a fused disconnect, tools and the necessary 
equipment/rinstall conduit and feeder conductors between main panel and 
disconnect to meet NEC specifications. 

- (1) , Purpose v ' 

(2) Circuitry . • • 

4i. Provided a work area, necessary tools and equipment, install a 220 volt 
receptacle in 3/4" EMT according to NEC specifications. 

(lj Purpose - ^ 
(2) Circuitry 
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Course No: 3AE-R54230-1 Branch Approval: 

Days: 23, 24, 25, 26 and 27 . Date: 



PART II 
INTRODUCTION (5 Minutes) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: 

0 4 

REVIEW: 



ATTENTION:' 



OVERVIEW: 



MOTIVATION: 

Mr" 



7° 



BODY (24 Hours 45 Minutes) 

PRESENTATION: " 

4a. Given information pertaining to 
conduit, conmlete statements in 
accordance with NEC specifications'. 



(1) Installation requirements 



(a) Article 215 



(b) Article 346 



(c) Article 348 



, (d) Article 350 



(2) Forming-conduit 



(.:) Types ol bends 



(b) "How Co bend 



4b. Given a length of 1/2" rigid conduit, 
necessary tools and equipment, cut 
ream, thread, and oend the conduit 
to NEC specifications. 



(1) Cutting 



(2) Reaming 



(3) Threading 



APPLICATION: 

/ 

WB 3ABR54230-1-IH-4, Conduit Wiring 
Projects 1 and 2 * 



CONCLUSION (Day 23) 



SUMMARY; ' 



STUDY' ASSIGNMENT: 

,§G 3ABR54230-l-m-4, Conduit Wiring 



74 
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INTRODUCTION (Day 24) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT 

REVIEW: 



OVERVIEW: 



MOTIVATION: 



PRESENTATION: 

4c. Given a length of 1/2" EMT, 
, necessary tools and equipment, 
cut, ream, and bend the conduit 
to NEC specifications. 



(1) Cutting 



4? 



(2) h'eaminjj 



(3) Bending 



4d. Provided a booth l area, hand tools, 
and a working ^rawing, install a 
; single-phase, 12D/240 volt conduit 
service entrance and grounded 
panelboard according to' trie NEC 

^ specifications. 



(1) Forming conduit 



(2) ' Panel installation 



.(3) Feeder conductors 



(4) NEC requirements 



46 



APPLICATION: 



■ V 



WB 3ABR54230-1-EI-4, Conduit Wiring 
Projects 3 and 4 (EMT Fdrming and V 
Service Entrance) . . , • 



CONCLUSION (Day 24) 



SUMMAR] 



*) 



STUDY ASSIGNMENT:. 

S&3ABR54230-l-in-4, Conduit Wiring 
(Conduit Installations) 



) 

■7 



INTRODUCTION (Day 25) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT ; 

.REVIEW: 




OVERVIEW: 
MOTIVATION: 



PRESENTATION: 



4 



4e. -Provided a v \voVk"aT*ea and necessary 
toolUj^hd equipment, install a 
ceiling light /single pole switch and 

' • duplex outlet ia.1/2" EMT 

. according to NEC specifications. 

Cr ° . ' ' 

** I - 

(1) Installation methods 



(2) Circuitry ' ? • 



• i • 

, APPLICATION: 

< . . 

. WB 3ABR54230-lrHI-4 v Conduit Wirtng, , 
Project 5 » « * . * 

-** . ■ * . • * , 

• & >■ * . • 

CONCLUSION (Bay 25) 



SUMMARY: 



^ » 



* • 

V - . 



STUDY ASSIGNMENT: 

SG 3ABR54230-1-HI-4, jConduit Wiring 

* 0 

• INTRODUCTION (Day 26), 

* « • *, • . 

CHECK PREVIOU^-AY'S STUDY ASSIGNMENT 
REVIEW: 



OVERVIEW^ 

v . . r 

MOTIVATION: 

f 



7 



I 
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PRESENTATION: v 

4f. Provided a wbrk area, necessary 
'tools- and equipment, instil a * 
Veiling light controlled by 'two 
,thr$e-way switches according to 
. NEC Specif ications;. • ' 



(1) Purpose of three-way switches 



(2). Operation of three-way switches 



(3) Circuitry * 



APPLICATION: m " 

WB 3ABR54230ri-m-4, Conduit Wiring, 
Project 6 



CONCLUSION (Day 26) 



SUMMARY: 



STUDY ASSIGNMENT: 

SG 3ABR54230-1, Conduit Wiring 
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INTRODUCTION (Day 27) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT 



REVIBW: 



OVERVIEW: 



MOTIVATION: 



PRESENTATIONS 

4g. Provided necessary tools and 

equipment, !ind usipg the previously 
installed three-way switch system, 
add a four-way switch to control the 
light from three locations 

* according to NEC specifications.- 



(1) Purpose of four- way switches 



(2) Operation of four-way switches 



(3) Circuitry 



^10 * 
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4h. Given a length of 3/4" EMTl a fused 
disconnect, tools and the necessary 
equipment,, install conduit and feeder 
conductors between main panel and 
disconnect to m"5et-NEC specifications. 



(1) Purpose 



(2) Circuitry 



4i. Provided a tyork area, necessary 
toojsand equipment, install a 220 
volt receptacle in 3/4" EMT 
according to NEC specifications. 

r 



(1) Purpose 



(2) Circuitry 



APPLICATION: 

' WB 3ABR5423Q-1-III-4, Conduit Wiring, 
Projects. 7,3, and i • . 



11 



EVALUATION: ' " 

Evaluate by oral, written qyestions; 
anci/qr observation of student's 
performance durtng^lesson. This may 
be accomplished at any time during 
lesson for increased effectiveness. 



CONCLUSION (10 Minutes) 



SUMMARY: 



REMOTIVATION: 



STUDY ASSIGNMENT: 

SG 3ABR54230-1-IH-5, Circuit Extensions 

SG 3ABR542 30-l-D4 r 6, Low Voltage Circuits " ' 



12 
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SUPERVISOR APPROVAL 


SIGNATURE 


OATE 


SIGNATURE 
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PRECLASS PREPARATION 




EQUIPMENT LOCATED 
IN LABORATORY 


EQUIPMENT 
f ROM SUPPLY 


- CLASSlFlEO MATERIAL 


GRAPHIC AlOS ANO M 
UNCLASSiriEO MATERIAL 


Hand Tool Set 
Projector, Over- 
head 

» ** 


Multimeter/ Clamp- 
' on Type AN/USM- 
33 


None 

V 


SG 1 1 1 • 5«. WB "l 1 1 • 5 
Natjonai Et ectrjch Cooe 
National Electrical Cooe 

ANO StUtRtfRT AO ING 

Trans^arcnci^s, Circuit. 
Extension 


• Ny CRITERION/OBJECTIVES AND TEACHING STEPS 


5a. • Given circuit extension information and a list^f problems, find the answer 
to each problem, * 

(1) " Vypes of circuit extensions 
• , , (2) Purpose of ciTcuit extensions 

5b. Provided a work area, necessary tools and equipment, install a circuit in 
airface metal raceway from an existing outlet accordmg to NEC specifications. 

(1) Purpose \ ^ 
\ (2)' Selection ' 
(3) Fittings 
V (4) Installation ' 
' (5)> Circuitry * 
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LESSON PLAN (Part I, GmmmI) CONTINUATION SHEET 



CRITERION 08/ECTIVES ANO TEACHING STEPS (C«««lnw«4 



5c. Usin| previously installed circuits and meter, balance circuits according 
to NE*C specifications 

(1) Purpose ^ • * 

(2) Proper procedures 

(3) * NEC requirements < , 
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0 
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Course 'No: 3ABR54230-1 
Day: 28 



Branch Approval 
Date 



PART,H 
INTRODUCTION .(5 Minutes) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT 

REVIEW: x 



ATTENTION: 



•OVERVIEW: 



\ • 



MOTIVATION: 



\ 



ERIC 



BODY ( 2 Hours 45 Minutes) 



PRESEN fATION: 



5a. Given circuit extension information and 
a list of problems, find the answer for 
each problem. 



(1) Types of circuit extensions 



(2) Purpose of circuit extensions 




5b. Provided a work area, necessary 
tools and equipment, install a 
circuit in surface metal raceway 
from an existing outlet according tb' 
NEC specifications. , 



0 



^|A(1) ^Purpose 



' (2) ^Selection 



(3) 'Fitting 



." t4) Installation 



ft 



(5) Circuitry 



• * •<> 3- 



5c. Using previously installed circuits 
ai\d meter, balance circuits 
'according to NEC specifications. 



(1) Purpose 
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(2) Proper^procedures 
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(3) NEC requirements 



APPLICATION: 



-WB 3ABR54230-1-III-5, Circuit Extensions 
Projects 1, 2 and 3 



REVALUATION; 



Evaluate by oral, written questions, 
and/or observation of student's 
performance during lesson* /This may 
be accomplished at any time during 
lesson for increased effectiveness . 
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CRITERION OBJECTIVES ANO TEACHING STEPS 



6a* Provided a work area, tools and necessary equipment, install a low-voltage 
circuit accQrding to>NJSC specifications. 

► \ * - 

(1) Purpose and use of low -voltage circuits 

(2) Components used in low-voltage circuits 
_(3) NEC requirements * 
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1 - * •• - • 4 • 

REVIEW: 
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ATTENTION: 



OVERVIEW: 



MOTIVATION: 



1 V 



• 1 

ERIC 
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^ * ' # 


* < ♦ 


BODY (1 Hour 45 Minutes) 

• v • 

PRESENTATION: 

64. Provided a work area, tools and \ 
\ • v necessary equipment, install a , ^ 
Iqw voltage circuit according R> ^ 
. NEC specifications. • 

' ■ * • • • 


\ *> Ik 

■ # 

J 1 » • ~ 
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' *; (1) Purpose And use of low -voltage 
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(2) v Corftporifents used in low 
vtfltags circuits- 
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(3) NEC requirements * ■ , 

* 

> * 




APPLICATION: , , 
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J? -WB 3ABR54230-l-m-6,;, Low Voltage Circuits 
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EVALUATION: 


■ ' \ . ■ - 


Evaluate by oral, written questions, 
and/or observation of* student's 
- performance during lesson. This may 

be accomplished at any time during lesson 
for increased effectiveness. 

• ,-• 
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' : ' 91- ' ' 
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shooting 




CRITERION OBJECTIVES AND TEACHING STEPS 








7a. \ Provided a multimeter and in stinicjiona^trouble shoot an energized (120/240 
Volt} circuit to locate troubles inserted in the circuit by the instructor. 


(1) Types of circuit troubles 

(2) Test equipment 

(3) Methods and procedures for troubleshooting 


• 






7b. Provided a multimeter and instructions, troubieshoot a de-energized 
electrical circuit to locate troubles inserted by the instructor. 


• ( • ^ w 

(1) Types of circuit troubles 
(2> Test equipment 

(3) Methods and procedures for troubleshooting 
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7c. Using tools and ioatrtactions provided, 'disconnect electrical circuits, 
sort materials and store in designated storage facilities. 
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INTRODUCTION (5 Minutes) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: 

\ REVIEW: 



J 



ATTENTION : 



OVERVIEW: 



- MOTIVATION: 



ft 



ERIC 



BODY (7 Hour4 45 Minutes) 



PRESENTATION: 



7a. Provided a multimeter and 

• instructions, troubleshoot an 
energized (120/240 voK) circuit 

• to locate troubles inserted in the 
circuit by the instructor. 



(1) «Types of circuit troubles 



CONCLUSION (Day 28) 
SUMMARY: ' \ % 
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STUDY ASSIGNMENT: . t * 4 

• < * y 

SG 3ABR54230-1-III-7, Troubleshooting 
Conduit Circuits 
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• REVIEW: 
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. if 



OVERVIEW: 



MOTIVATION: ? 



PRESENTATION: 



7a. (Continued) 



(2) Test equipment 



(3) Methods and procedures 
for troubleshooting 



7b. Provided a multimeter and - 
instructions, troubleshoot a 
deenergized electrical circuit 
to locate troubles inserted by 
0 the instructor. ' ' 



Q) Types of circuit troubles 



(2) Test equipment 



(3) Methods nnd procedures for » 
troubleshooting > 




7c. Using tools and instructions provided, 
disconnect electrical circuits, sort \ 
materials and store in designated 
storage facilities. 
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Conduit Circuits, Projects } and 2 
(and part oi 31 
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SUMMARY: 
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INTRODUCTION (Day 3Q)." 
' CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: * 
REVIEW: « 
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•PRESENTATION: 
7c. (Continued from Day 29) 
APPLICATION: 

Complete WB 3ABR54230-L-III-7, Trouble- 
shooting Conduit Circuits, Project 3 

CONCLUSION (Unit 7) 

SUMMARY: « 
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. 8a: Given information pertaining to appliance maintenance, list the correct 
solution to each problem*. . 
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(1)' Types of appliances . 
- (2) Appliance components • 

(3) Installation requirements 

(4) Troubleshooting appliances 
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PART II e . 
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ATTENTION: 
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N BODY (2 Hours 45 Minutes) 

t 

PRESENTATION: ' . 

'4 - ' 

8a. Giver information pertaining to 
appliance maintenance, list the 
correct solution to each problem. 



(1) Types of appliances 



(2) Appliance components 

(3) Installation requirements' „ 

(4) Troubleshooting appliances 



,< 



APPLICATION: 

WB 3ABR54230-1-III-8, Appliance 
Maintenance 
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EVALUATION: • 

* • 

Evaluate by oral, written questions, 
and/or observation of student's 
performance during lesson^ This- 
may be accomplished at any time during 
lesson for increased effectiveness. 
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SUMMARY: 
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STUDY ASSIGNMENT: None. 
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PRECLASS PREPARATION 



EQUIPMENT LOCATF.O 
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EQUIPMENT 
FROM SUPPLY 
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Trainer. Rotating magnetic- 
Fi'eioV Trainer,, Motor ano 
motor Control i Trainer. 
AC Motor Installation 

DEMONSTRATOR: TRAINER. 
OPERATION OF. FLOAT S* I TCH 

Control P hand Tool Set 



^Projector, 16mm 



CRITERION OBJECTIVE? AND TEACHING STEPS 



la. Given the required information, select the equipment necessaryJfiL install a 
three-phase mdtor to power so the installation will meet N^jiid-manufecbaTer 1 s 
specifications,' ? 



(1) Selpct a three-phase motor 



(2) 
(3) 
(4) 



(a) Types of motors 

(b) Motor components ~ 

(c) Theory of operation 

Wire size and .type 
Type and size of conduit 
Mechanical connection to load 
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CRITERION OBJECTIVES kHO TEACHING STEPS (CUntlnw.W) 



lb. Using a three-phase motor trainer and previously selected equipment, • 
'install and operate a three-phase motor on high voltage. Installation must meet 
NEC and manufacturers specifications, 

(1) . Interpret wiring diagrams 

(2) Identify motor leads •* 

(a) WYE 

(b) DELTA ' 

»- 

(3) Installation of leads 

(4) NEC specifications 

(5) , Manufacturer's specifications r 

> 

lc. Using a three-phase motor trainer and previously selected equipment,' 
connect and operate a three-phase motor on low voltage. Installation must meet 
NEC and manufacturer's specifications. 



\1) Interpret wiring diagrams 

(2) Identify motor. leads 

(3) NEC specifications 

(4) Manufacturer's specifications 



j 



Id. Using a three-phase motor trainer with previously installed three-phase 
motor, change power leads to reverse the direction of*rotation to meet NEC and 
manufacturers specifications. • 

(1) Interpret wiring diagram 

(2) - Identify motor leads ~ 

(3) Select leads for reversing 

(4) NEC specifications 

(5) Manufacturer's specifications 

le. Using a- three-phase motor trainer, select an adequate motor overload 
protective device in accordance with the NEC, motor data plate and manufacturer' 
specifications. 

(1) Types of controllers 

(2) Types of overload devices * r 

'(3) Overload selection ' ^ 

(4) Overload adjustments 

(5) Interpret wiring diagrams 
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I ' LESION PLAN <P«t tj UimI) CONTINUATION SHEET 

CWTERION OSJECTIVeS f^WP TEACHING STgfrS (C»«tlnu»4) fc 

If. Using a three-phase motor trainer, install a start/stop station to a three- 
phase magnetic controller to'conttol a three-phase motor. Installation must meet 
NEC and manufacturer's specifications. ) 

* j. f tf 

. (1) Interpret wiring diagram * * 

(2) Across the line magnetib controllers 

(3) Switch design 

(4) Switch installation 

(5) " NEC specifications 

(6) Manufacturer's specigyptions 

lg. Using a three-phase motor trainer, install two start/ stop stations to a 
three-phase magnetic controller to control a three-phase' motor. Installation 
must meet NEC and manufacturer's specifications. 

.» ' * 

.(1) -Interpret wiring diagram 
.(2) Multi-switch installation 

(3) NEC specifications 

(4) Manufacturer's* specifications 

lh. Using a three-phase motor trainer, install a thermostatic control to -a three- 
phase* magnetic controller to control the operation of a three-phase motor. 
^Installation must meet NEC and manufacturer's specifications. 

(1) Interpret wiring diagram 4 

(2) Thermostat control design 
\s (3) Other related controls * 

(4) Thermostat installation , 

(5) NEC specifications 

.(6) Manufacturer's specifications 

li. Using 4 ^ three-phase motor trainer, install a reversing start/stop station 
and a magnetic controller to control the direction of rotation of a three-phase 
motor in accordance,with NEC and manufacturer's specifications. 

(1) Interpret wiring diagram 

(2) Reversing magnetic controllers . 

(3) Reversing start/stop station 

(4) System installation » " 
<5) NEC specifications 

(6) Manufacturer's" specifications ' 
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PART.n 
INTRODUCTION (5 Minutes) ' 

t check Previous day's study assignment: 

REVIEW: * •* 



ATTENTION: 



OVERVIEW: 



MOTIVATION: 



/ 



* o 



J 1 



A7 . 



PRESENTATION: 

la. Given the required information, 
select the equipment' necessary 
to install a three phase motor to / 1 
power to meet NEC and manufacturer's 
specifications. i 

^ (1) Select a three phase motor 



(a) Types of motors 



1 AC 



2 DC 



3 Universal 



4 Types AC 



77 



5 Type 3 0* 



a Sychnon&us 



b Induction 



6 Motor data plates 



//(t)) Motor components * 



1 Sfator 



2 Rotor 



3 End bells 



(c) Theory of operation 



1 Define a motor 



V 



2^ Types of induction 



i09 



3" Rotating magnetic field 



4 Squirrel cage rotor 

5 Reversing motor 



(2) Wirejsize and types 6 



(3) Type and size conduit 



(4) Mechanical connection to load 



APPLICATION: 



WB 3ABR54230-1-IV^1, Three Phase 
Motor System, Project 1,2, and 3 



• / CONCLUSION (Day 31) 

SUMMARY: 

Cover main point* of lesson.* * , 

STUDY ASSIGNMENT: 

SG 3ABR54230-1-IV-1, Three Phase 
Motor Systems ' . 
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CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: 



REVIEW: 



OVERVIEW: 



MOTIVATION: 



T^ON: 



PRESENTA 



lb. Using a three phase motor trainer 
and previously selected equipment, 
install and operate a three phase - 
motor on high voltage. Installation 
must meet NEC and manufacturers 
specifications. 



(1) Interpret ^virinp diagrams 



(2). Identify motor leads 



in 



(a) Wye 

* e ' 

(b) Delta . ^ 

(3) Installation of leads 

(4) , NEC specifications 

(5) Manufacturer's specifications 



Using a three phase motor trainer 
and previously selected equipment, 
connect and operate a three phase 
motor on low voltage. Installation 
must meet NEC and manufacturer's 
specifications. 



(1) Interpret wiring diagrams 



(2) \Mentify motor l^ads 




(3) NEC specifications 



(4) Manufacturer's specifications 
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Id. > Using a three phase motor trainer 
with previously installed thpee phase 
motor, change power leads to 
' reverse the. direction of rotation to 
meet NEC and manufacturers 
specifications. > 

* (1) Interpret wiring diagrams 



(2) Identify motor .leads 

(3) Select leads for reversing 



(4) NEC specifications 

i 



(5) Manufacturer's specifications 



l*e. Using a three pha§e motor tra'irier, ,. 
select an adequate motor overload 
protective device IAW the NEC, 
motor data plate and itfanuf acturer's 
. specifications. 



(1) Types of controllers 



a 

U3 



(a) Across-the-line 



(b) Reduced voltage 



(2) Types of overload devices 
V 



(a) Thermal 



1 Melting alloy 



2 Bi-metal 



(b) Magnetic 



APPLICATION: 

WB 34BR54230-1-IV-1; Three Phase 
Motor Systems, Project 4, 5 and 6 
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CONCLUSION (Day 32) 

SUMMARY: 
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SG 3ABR54230-1-IV-1, Three Phase 
Motor System 
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INTRODUCTION (Day 33) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: 

REVIEW: v 



OVERVIEW: 



MOTIVATION: 



PRESENTATION: 
le. Continued from Day 32 
(3) Overload selection 



(4) Overload adjustmehts 



(5) Interpret wiring diagrams 



if. Using a three phase motor. trainer 
' . install a start/stop station to a 

three p t hase magjnetic controller to 
control a three phase motor, 
, Installation must meet NEC and 
manufacturer's specifications, 

\ ■ 

(1) Interpret wiring diagram 

(2) Across-the-line magnetic 
'controllers 

J , * 

(3) Switch design 



(4) Switch installation 
* (5) NEC specifications 



(6) Manufacturer's specifications ' 




APPLICATION: • * 

• - f 

WB 3ABR54230-1-IV-1, Three Phase 
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SUMMARY: 

Cover [main points of lesson. 
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(4) System installation 



(5) NEC specificafiohs 



(6) Manufacturer's specifications ; 
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WB 3ABR54230-l-fr.l, Three 
Phase Motor Systems, Projects ll, 
12 ancy3 



EVALUATION: 

Evaluate b# oral, written questions, 
and/or observation of student's - 
performance during lessort. This 
may be accomplished at ari|Mi??te 
during lesson for increased 
effectiveness* 

Conclusion 

SUMMARY: 

Cover main points of lesson. * 
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CRITERION OBJECTIVES ANO TEACHING STEPS 



Using, a three-phase motor and trainer, inspect the motor installation in 



accordance with manufacturer's specifications. 



(1) Visual inspection 

(2) Operational inspection. 



2b. Given a three-phase motor and control -system with electrical faalt 
equipment, repair faults to meet manufacturer's and NEC specifications. 

e 

(1) Motor data plates * \ 

(2) Three-phase motor and controller schematics \ 

(3) Electrical test \ . 

(4) Repair procedures * 

(5) Test equipment " * 
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CfllTERION OBJECTIVES' AND TEACHING STEPS'* Cont.nu.J) 



2c. Using tools and instructions provided, disconnect electrical circuits, 
.sort materials' and store in designated storage facilities. 



(1) . Good 'housekeeping 

(2) . Safety practices ' 



( 
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Course No: 3ABR54230-1 
Day: 25 ' 



•Branch Approval; 

Date 



* ; PART n 

INTRODUCTION (5 Minutes) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: 



A 



REVIEW: 



ATTENTION: 



OVERVIEW: 



MOTIVATION: 



9 

,ERLC 



r 



2 . . 



BODY (5 Hours 45 Minutes) 

PRESENTATION: 

2a. Using * three phase gaotor and 
trainer, inspect the motor 
installation in accordance with 
manufacturer's specifications. 

(1) Visual inspection 

c 

(2) Operational inspection 



2b: Given a three phase motor and 

control system witluelectrical 
s, faults and test equipment, j 

repair faults tQ meet manufacturer's 

and NEC specifications. 



(1) Motor data plates 



(2) Three phase mQtor and 
controller schematics \ 



(3) Electrical test 



3 ; 



4 * *u» 
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(4) Repair procedures 

(5) Test equipment 



2c. Using tools and instructions 
provided, disconnect electrical 
circuits, sort materials and 
store in designated storage 
facilities . 



Good housekeeping 



(2) Safety practices 



APPLICATION: 

WB 3ABR54230-1-IV-2, Troubleshooting 
Three Ptitsie Motor Systems, "Projects 
1 and 2 , 
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EVALUATION: 



Evaluate by .oral, written questions, 
and/or observation of student's 
performance during lesson, Fnis 
may be accomplished at any time 
during lesson for increased 
effectiveness. 4 . 

CONC LUSION (Day 35) 
SUMMARY: * 
Cover main points of lesson. 



REMOTIVATION: 



STUDY ASSIGNMENT: 

SG 3ABR54230-1-IV-3, Single Phase 
Motor Systems ^ 




APPROVAL OF * )*iQib/*K*l 



si 



COURSE NUMBER 1 

3ABR54230-1 



BLOCK NUMBER 

IV 



LESSON PLAN ( Port I, ggwol) 



INSTRUCTOR 



COURSE TITLE 

Electrician 



BLOCK TITL^ 

Motors and Controls. , ] 



LB9SOM T l'u£ 



Single-Phase Motor Systems (Days 36 , 37. and 38) 

LESSON DURATION 



C.L ASeROOM/LAJORATO^Y 

18 Hrs 



Complementary 

6 Hrs 



TOTAL 

24 Hrs 



POI REFERENCE 



PACE NUMBER 

34° 



PAGE OATE 

1 May 75, 



PARAGRAPH 

3' 



STS/CTS REFERENCE 



NUMeE'-* 



542X0. Changes 1. 2. 3, 4. and 5 



oatc 2 Dec 70,ji4 Jan 72. 6 Mar 73, 
18 Apr 73; 24 Feb 74, 7 fcov 74) 



SIGNATURE 


OATC 


SIGNATURE 


OATE 






■ ■ r 

o 










t 















PRECLASS PREPARATION 



EQUIPMENT" LOCATED 
IN l A gOP ATOR Y 



Trainer, Motor and 
Motor Control 

Trainer, Electric 
Motor Exploded 

Hand Tool Set 



EQUIPMENT 
FROM SUPPLY 



Projector, 16mm 



CLASSIFIED MATERIAL 



None 



GRAPHIC AIOS ANO 
UNCLASSIFIED MATERIAL 



SG^IV-3. WB I V- 3 
TF 566X36 SlNGkE PMASfc. 
motor connections: tf 
61806.*moior Control 
system; national flectrn 
cal Code ano Blueprint 
Reaoing; Nat i on a l 
Electrical Coo? 



CRITERION OBJECTIVES AND TEACHING STEPS 



3a. . Given the required information, select the equipment necessary to install a » 
single-phase motor to a p6wer*source." Installation must meet NEC and manufac- 
turer's specifications. . :• ' 

* * • 

(1) Select a single-phase motor * 

(a) Types of motors 

(b) Motor components * % 
Cc) Theory of operation 

(2) Wife size and type \ 
- {3) Type and size of conduit 
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CRITERION OBJECTIVES AND TEACHING STEPS (CoMmyd) 



3b. Using a single-phase .mfctor trainer and previously selected equipment, 
install and operate a single-phase motor for low voltage operation. Installation 
must meet NEC and manufacturer's specifications. m < * 

x 

' (1) Interpret wiring diagrams 

(2) Identify motor leads ^ 1 

(3) Installation^ leads 

(4) J^EC specifications - ' • 
(^^Manufacturer's specifications 

3c- Using a single-phase motor trainer and previously installed equipment, 
'connect and operate a single-phase motor for high voltage operation. Installation 
must meet NEC and manufacturer's specifications. 



(1) Interpret wiring diagrams 

(2) Identify motor leads 

(3) NEC specifications 

(4) Manufacturer's specifications 

3d. Using a single phase motor trainer with previously installed single-phase 
motor, change motor leads to reverse the direction of rotation in accordance with 
NEC manufacturer's specification. 

(1) Interpret wiring diagrams m ' 

(2) Identify motor leads x 

(3) NEC specifications . ■ * - . • 

(4) Manufacturer's specifications ^ 

3e. Using a single-phase motor trainer, install a drum- switch to control the , 
operation of a single-phase motor. Installation must meet NEC and manufacturer' 
specifications; 

(1) Switch design 

(2) Switch installation * w 

\ v (3) NEC.specification * h 

" (4) Manufacturer's specification 

3f. ♦ Using a single-phase motor trailer, install one start/stop* station to a 
single-phase magnetic controller to control the, operation of a Single-phase motor 
Installation must meet NEC -and mantifaclurcr's specifications. 

(1) Interpret wiring diagrams 7 

(2) Across the line magnetic controller 

(3,) Switch design * \ ' 

(4) Switch installation - * 

(5) NEC specifications 4 • 

(6) Manufacturer's specification s ° ; ' ' 



ATC ' 770 A - * . r 2 



77 
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CRITERION OftJCCTl VES AND TEACHING STEPS (Continual 



3g. Using a single- phusomotor trainer, install two sta:Qt/stop stations to a 
single-phase magnetic controller to control the operation of a single-phase motor. 
Installation must meet NEC and manufacturers specifications. 

(1) Interpret wiring diagrams 

(2) Switch installation 

(3) NEC specifications 

i (4) Manufacturers specifications A 

3h. Using a single,- phase motor trainer, instalXa^hermostatic control to 
previously installed magnetic controller to operate a single-phase motor system. 
Installation must meet NEC and .manufacturer's specifications. 

(1^ Interpret wiring diagrams . - 

(2) Thermostat control design / 

(3) Thermostat control installation 

(4) NEC specifications 

(5) Manufacturer's specifications 

3i. Using* a single-phase motor trainer, install a hand-off-automatic switch and 
thermostat to previously installed single^phase magnetic controller to operate a 
single-phase motor system. Installation must meet NEC and manufacturer's 
specifications. 



. ( 1) Interpret wiring diagrams 

(2) Switch design 

(3) Switch installation 
^4) NEC specifications 

(5) Manufacturer's specifications 



\ 
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Course: 3ABR54230-1 Branch Approval: 

Days: 36, 37, 38 Date: 

• * PART II 

J . . . INTRODUCTION (5 Minutes) 

CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: 

« 

REVIEW: _ a 



ATTENTION: . 



OVERVIEW: 



MOTIVATION: 



J 



• % BODY (23 Hours 45 Minutes) 

, PRESENTATION: 

3a. Given the required information, 
select the equipment necessary 
, to install a single phase mptor 
to a'power source, installation 
must meet Nl3C and manufacturer's 
specifications. 

(1) Select a single phase motor 



(a) Types of motors 



1 Induction 



2 Repulsion 



3 Universal 



(b) Motor components 



£ Potor 



* 2 Stator 



3 End bells 



,4 Centrifugal switch 



(c) Theory of operation 



1 ' Induction friotors 



2 Repulsion motors 

3 Universal 
(2) Wire size and type 



(3) Type knd size of conduit 



APPLICATION: 

WB 3ABJR54230-1-IV.,3, Single Phase 
Motor ^System, Projects 1 and 2 



/ 

• • CONCLUSION (Day 36) 

SUMMARY: 

Cover main points of lesson. 

* 

» 

STUDY ASSIGNMENT: ' 

SG 3ABR54230-1-IV-3, Single Phase # . 
Motor Systems 

INTRODUCTION (Day 37) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: 

REVIEW: 



OVERVIEW: 



MOTIVATION: 



4 



PRESENTATION: 

3b. Using a single phase motor trainer 
and previously selected, equipment, 
install and operate a..single phase 
motor for low voltage operation, 
installation must meet NEC and 
manufacturer's specifications .> 



131 



(1\ Interpret wiring diagrams 



(2) Identify motorjeads 



(3) Installation of leads 



(4) NEC specifications 



(5) Manufacturer's specifications 



3c. Using a single phase motor trainer 
and previously installed equipment, 
connect and operate a single phase 
motor for high voltage operation. 
Installation must meet NEC and 
manufacturers specifications.. 

; ' / * 

(1) Interpret wiring diagrams 



(2) Identify nvotor leads 



v \ 



(3) NEC specifications 



(4) Manufacturer's specifications 



3d. Using a single phase motor trainer 
with previously installed single 
phase motor, change motor leads 
to reverse the direction of 
rotation in accordance with NEC 
and manufacturer's specifications; 



(1) Interpret wiring diagrams 



^ (2) Identify motor leads 

i 

(3) NEC specifications 



/*3 



(4) Manufacturer's specifications 
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* - . i,: ;^ 




3$ 



3e. Using a single phase motor trainer, 
install a drum switch to control the 
operation of a single phase motor. 
Installation must meet NEC arid 
manufacturer's specifications. 



(1) Switch design 

(2) Switch installation 



(3) NEC specification 

. v" 

(4) Manufacturer's specification 



APPLICATION: 



WB 3ABR54230-1-IV.-3, Single Phase 
Motor Systems, Projects 3, 4, and 5 



CONCLUSION (Day 37) 

SUMMARY: « 

Cover main points of lesson. 

-V 

t 

STUDY ASSIGNMENT : 

/ 

SG 3ABR54230-1-IV-3; Single /Phase 

Motor Systems , ' 

. / 

' / 

. INTRODUCTION (Day 38) 
CHECK PREVIOUS DAY'S SJTUDY ASSIGNMENT: . 

/ • 



REVIEW: 



OVERVIEW: / 

/ 



MOTIVATION: 



/ 
/ 



PRESENTATION: 



3f. Using a sirigle*phas^ motor Irainer, ^ 
install one start/stopTtafiolT tcra ; 

/ sihgle*phase magnetic controller, 
to control the operation of a single 
" phase motor/ . Installation must meet 
NEC and manufacturer's specifications. 



/Ob 



*(1) Interpret wiring diagrams 



(2) Acrbss-the-line magnetic 
controller * 



> • 



(?) Load circuit 



(b) Control circuit 



(c) Start circuit 



(d) Holding circuit 



(3) Switch design" 



(4) Switch installation 




10 



(5) NEC specifications 



(6), Manufacturer's specificatitins 



3g. Using a single phase motor 
trainer, install two start/stop 
stations to a single phase 
magnetic controller to control 
the operation of a single phase 
motor'. Installation must meet 
• NEC and manufacturer's 
specifications. 



(1) Interpret wiring diagrams 



(2) Switch installation 



(3) NEC specifications 



(4) Manufacturer's specifications 



9 



3h.- Using a single phase motor trainer, 
install a thermostatic control to «t 
previously installed magnetic * 
controller to operate a single phase 
' motor system. Installation' must . 
meet NEC and manufacturer's 
* snecif icaftons . •• «' 



/o7 



n 13? 



(1) Interpret wiring diagrams 



(2) Thermostat control design 



(3) Thermos tat control 
installation . 



(4) NEC specifications 



(5) Manufacturers specifications 



3i # Using a single phase motor trainer, 
install n hand-off-automatio 
switch and thermostat to previously " 
installed magnetic controller to 
operate a single phase motor system. 
Installation must meet NEC and 
manufacturers specifications. 



(1) Interpret' wiring diagrams 



(2), Switch design 



(3) Switch installation 



12 



(4) ' NEC specifications 

(5) Manufacturer's specifications • 

« 

• r 

APPLICATION: 

WB 3ABR54230-1-IV-3, Single Phase " . 
Motor Systems, Projects 6, 7, -8 and 9 * 

EVALUATION: - 

Evaluate by oral, written questions, -# 
and/or observation of student's , 
performance during lesson. This 
may be accomplished at any time 
during lesson for increased /■ 
effectiveness. / 

' CONCLUSION jlO Min) * 

SUMMARY: .* 

Cover main points of lesson. 



STUDY ASSIGNMENT: 

SG 3ABR54230-1-IV-4, Troubleshooting -' 
Single Phase Motor Systems • 



13 ' 
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IV 
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Motors and Controls 
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LESSON TITLE 

Troubleshooting Singlg-Phase»Motor Systems flDav 39) 












LESSON DURATION 








Classroom/ laboratory 

6 Hrs- 




Complementary 

. 2Hrs 


TOTAL . 

8 Hrs 


POL REFERENCE 


PAGE NUMBER 
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•SUPERVISOR APPROVAL 








SIGNATURE 


OATE 


SIGNATURE 
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. PRECLASS PREPARATION 


'EQUIPMENT LOCATED 
)H LABORATORY 


EQUIPMENT 
' FROM SUPPLY 


CLASSIFIED MATERIAL 


GRAPHIC AlOS ANO * 
" UNCLASSIFIED MATERIAL 


Trainer, Motor and 

Motor Control 
Hand Tool Set 

« 


Multimeter 
Megohmraeter 

• 


None 


SG IV-4 
WB IV-4 

National Electrical 
Code 

♦ 


, CRITERION OBJECTIVES AND TEACHING SJEPS 


4a. Using a single-phase motor and trainer, inspect the motor installation*™ 
accordance with manufacturer's and NEC specifications. 


(1) Visual inspection 

(2) Operational inspection 


* 






* 


4b. Given a syigle-phase motor and control system with electrical faults and 
test equipment, repair faults to meet manufacturer's and NEC specifications. 


(1) • Motor data plates 

(-2)/ Single-phase motor and controller schematics 
(3) Electrical.test 
"(4) Mechanical-test 

■ 




« 






* *. 
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LESSON PLAMlPtft I, G«n«ral) CONTINUATION SHEET 

CRITERION OBJECTIVE* XhO TEACHING STCPS (C«itinu«d) 



- (5) Repair procedures 
(6) Test equipment , 

' ' t * " 

4c. Using tools and instructions provided, disconnect electrical circuits, sort 
materials and store in designated storage facilities. 

(1) Good housekeeping . ^\ 

(2) Safety practices 



r 



V 
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Qourse No: 3AHR54230-1 
Day 39 > 



.PART n 



Course Approval: 

Date: J 7<<t^ 7jtT. 




1U 



.INTRODUCTION (5 Minutes) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT 



REVIEW: 



ATTENTION: 



OVERVIEW: 



MOTIVATION: 



BODY (5. Hours 55 Minutes) 



PRESENTATION: - 

4 a. Using a single phase motor and 
trainer, inspect the motor* . 
installation in accordance with 
manufacturer's and NEC • 
specifications. 




(1) Visual inspection 




( 



(lj)° Bearings , 



(c) 



Cleanliness 



7 



(d) 



Motor wiring 



• (.)* Operational inspection 



3 



143 * ;< 



(a) Sound 



(b) Temperature 



(c) Current draw (FLC) 




4b. Given a single-phase motor and 
control system with electrical 
faults and test equipment, 
repair faults ta meet manu-' 
facturer's and NEC specifications. 



(1) Motor data plates 



7 



(2) Single -pftase motor and 
/ ; * controller schematics 

1 ~> 



(3)* Electrical test 



. (a) Voltage 



, (b) Full load current 



(c) Winding resistance 



(d) Insulation breakdown 



(4) Mechanical test 



(5) Repair procedures 

(6) Test equipment % 



(a) Voltmeter 



• (b) AmmeteV- 



(c) Ohmmeter 

(d) Megohmmeter' 



> 
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4c. Using tools and instructions 
provided, disconnect electrical 
circuits, sort materials and 
store in designated storage 
facilities. 



(1) Good housekeeping 



(2) Safety practices 




APPUG^TION: 

WB 3ABR$4230-l-IV-4, Troubleshooting 
Single Phase Motor Systems, Projects 
1 and 2 



EVALUATION: 

Evaluate by oral, written questions, 
and/or observation of students 
performance during lesson. This 
may be accomplished at any tigie 
during lesson for increased 
effectiveness. 



CONCLUSION (10 Minutes) 
SUMMARY: Cover- main points of lesson, * ^ 

. — - V- f 

STUDY ASSIGNMENT: 

SG 3ABR54230-1-IV-5, Motor Generator, 
Control Panels and Circuit Breakers 
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4 Hrs 



Complementary 

2 Hrs 



TOTAL 

6' Hrs 



POI REFERENCE 



PAGE NUMBER 
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PARAGRAPH 

5- 



STS/CTS REFERENCE 



NUMBER 



542X0, Changes 1, 2, 3, 4, and 5 



SUPERVISOR APPROVAL 



SIGNATURE 



OATE 



SIGNATURE 



OATE 



PRECLASS PREPARATION 



1 ^ 

GRAPHIC AIOS ANO 
UNCLASSIFIED MATERIAL 



EQUIPMENT LOCATED 
IN LABORATORY 



EQUIPMENT 
FROM SUPPLY 



CLASSIFIED MATERIAL 




Trained, Motor 
Control Center and 
Motor Generator 
Set 

Trainer , Line 
Alternator Motor 
Control 



None 



None 



SG IV-5 / 
WB IV-5 / 
National Elefctrical 

Code and $lueprim 

Reading 



( 



S CRITERION OBJECTIVES ANO TEACHING STEPS 



5a. Using information provided, write the purpose of a motor control center and 
list its major components. - I 

(1) Purpose of a motor control center 
* (2) Parts.of a motor control center - 

5b. Using information provided, wri^e^Ui^pur pose of a motor generator set and 
list its major components. / : > 

(1) Purpose pi a motor generat'orj^t j 

(2) Parts, of a motor generator 1 set J J • 

(3) Operation of a. motor generator set \ 
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Course No; 3ABR54230-$ Branch Approval: 

Day 40 . Date: 

PART n 

INTRODUCTION^ Minutes) 

CHECK PREVIOUS DAY'S STUDY ASSIGNMENT 

REVIEW: " • 



ATTENTION: 



OVERVIEW: 



MOTIVATION: 



» •• • 

K 



BODY (3 Hours 55 Minutes) 
PRESENTATION: \ 

» * * * 

5a. Using information provided, write 
9 the purpose of u motor control 
center and list its major 
•components. 



(1) Piirpose of a motor control 
center - 



t 

(2) Part of a motor control center 



5b. Using information provided, wr^fe 
the purpose of a riiotor generator ' 
- set and .list its major ^components! , 



(1) Purpose of a motor generator. Jfe 
set ' 



(2) Parts of a motor generator 
set 



(3) Operation ot a motor , 
- generator setj ' 



APPUCA^IpN: , * 

WB 3ABP54230-1-IV-5, MptQr : 
Generator, Control Panels and 
Circuit Breakers, Projects 1, 2, 
and 3 * 

s * 

EVALUATION: ! 

Evaluate by oral, written questions, 
and/or observation of students 
performance during lesson. This 
may be accomplished at any time 
during lesson for increase . 
effectiveness. 

CONCLUSION (10 Minutes) 
SUMMARY: \ , . 

Cover main points of lesson. 

0 



REMOTIVATION: 



STUDY ASSIGNMENT: 

SG 3ABR54230-1-V-1, Intrusion- • 
Alarm System 
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CLASSROOM/LASOffATORY 

18 Rrs 


Complementary 

o . 


TOTAL 
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Trainer, Intrusion 

Alarm 
Multimeter 
P ro j e ctor , 0 ve rhe ad 



None 



None 



SG V-l 1 
fWB V-l 

Transparencies, 
Intrusion Alarm 
Systems 



CRITERION OBJECTIVES AJfb TEACHING STEPS 

la. 'Given information pertaining to intrusion alarm systems, inspect and service 
electrical systems and components. 

(1) Purpose and types of intrusion alarm systems 

' (2) Operating principles 

(3) Components and usage « 

(4) Wiring diagrams 

(5) Inspection requirements 

(6) Purpose and types of service 

(7) Servicing instructions 
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LESSON PLAN (P.rt I, G*t.*fol) CONTINUATION SHEET 



CRITERION OBJECTIVES ANO TEACHING STEPS (CantlnuW) 



lb. Using meter, trainer, and wiring diagram, troubleshoot,and repair electrical 
systems and components of intrusion alarm systems. 



(1) 
(2) 
(3) 
(4) 
(5) 



Purpose of troubleshooting 
Types of troubles 
Wiring diagrams 
Troubleshooting procedures 
Repair procedures 
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Course No: 3ABR54230-1 .Branch Approval-. ff+Z/g/ J ' ^ttj+ti^- 

Days: 41, 42, 43 Date: pZ^-^faa 7 



PART n . 
INTRODUCTION" (5 Minutes) 
CHECK PREVIOUS DAYS STUDY ASSIGNMENT: 
REVIEW: 



ATTENTION: 



OVERVIEW: 



MOTIVATION: 



BODY (17 Hours 45 Minutes) 



PRESENTATION: 

la. Given information pertaining to 
intrusion alarm systems, inspect 
and service electrical systems 
and components. 



(l) Purpose and types of intrusion 
♦ alarm systems 



(2) Operating principles 



(3) Components and usage 



(4) Wiring diagrams 



APPLICATION: 

WB 3ABR54230-1, Intrusion 
alarm system project 1 and 2 



CONCLUSION ( Day 41 ) 

SUMMARY: 



STUDY ASSIGNMENT: 

SG 3ABR54230-4, Intrusion 

alarm systems 



INTRODUCTION • (Day 42) 
CHECK PREVIOUS DATS STUDY ASSIGNMENT: 
REVIEW: 



* 



OVERVIEW: 



# 



MOTIVATION: 



* 



158 



PRESENTATION : 



(S) Inspection requirements 



(6) Purpose and types of 
Service 



(7) Servicing Instructions 



.: CONCLUSION (Day 42) 

SUMMARY: 



STUDY ASSIGNMENT: 
SG3ABR54230-1-V-1 , Intrusion 
alarm systems , 



INTRODUCTION (Day 43) 
CHECK. PREVIOUS DAYS STUDY ASSIGNMENT: 
REVIEW: 



• . OVERVIEW : s 



M01SIVATION : 



PRESENTATION: 



ib r » Using meter, trainer and 

wiring diagram, troubleshoot 
and repair electrical systems 
and components of intrusion 
alarm systems • 



(l) Purpose of troubleshooting 



(2) Types of troubles 



(3) Wiring diagram 



(4) Troubleshdoting 



/ 



- /'.• . 



(5) REEAIR PROCEDURES 



APPIJCATION:' 

WB 3ABR54230-1-V-I, Intrusion 
alarm systems project 3 and 4 



EVALUATION: 

Evaluate by oral; written questions, 
and/or observation of students 
performance during lesson. This may 
be accomplished at any time during ' 
lesson for .increased effectiveness. 
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PUBLICATIONS 

OBJECTIVE * 

Tlub unit ui instruction is Lo provide guidance in the' use of technical orders, and 
standard and commercial publications. a 

\ 

INTRODUCTION 4 

a * » 
r • 

It is no longer ^necessary to memorize technical data and other information re- 
quired to perform/all duties of a trade. Written matex^al has been published making 
this information available. Becoming proficient in the use of Air Force publications 
will allow you to perform specific tasks without memorizing procedures. 

INFORMATION * 

PUBLICATIQNS . * •* 

You will use a study guide that has been prepare for several career fields. This 
is the stydy g^fde titled "Publications" ; for AFS 53, 54, 53, 56. 

REFERENCES *\ > , ~ 



1: AFR 0-2 * 
2^0 00-5-1 / 

J 

3. National -Electrical Code 



, SG 3ABR54230-1-IH-2 



, POWER TOOLS 

OBJECTIVE . * < . , • ' - 

Jo familiarize you with* the p*oper use and care of the^drill press, electric drill, 
and bench grinder. 

INTRODUCTION v > % ' ' 

Whep installing circuits, regardless if it be yi conduit or norunet'allic sheathed 
cable, there' are certain situations when. power tools should be used. By using power 
tools you will be able to do the*job. faster,* easier ahd, in many cases, neater. m 

INFORMATION^ * 1 . . ; . " . 

IDENTIFICATION AND USE OF ELECTRIC DRILLS 

H ' - 

Electric drills are powfered with a uriiversal motor for ac and dc operation. 
Bearings are factory lubricated for lifetime service:. The electric cord is a three- 
conductor cable with u a ground wire and_plug. The ground wire should always be 
r connected to a suitable? ground.before using the^ drill. The metal case of the drill is 
'thus grounded to protect the user. .Hardly a year goes by without someone being 
kfHed by using an electric <*rill which was not properly grounded. • 

The process of drilling hol^s in metal with an electric drill is similar ft) drilling . 
-by hand except the power for turning the drirl is furnished by an electric motor instead 
* of the operator. Electric drills commonly usedLl^ve capacities for drilling holes from 
1/16 inch up to 3/4 inch 'in diameter. Figure .1 shows a popular ty^e of art electric . 
drill. Drills of this type*are equipped either with a pistol grip or fepi&de (closed)handl'e. 
Ordinarily, straight shank twist drills are, used in electri'c drills. They are secured 
in a key-type gear-ehyclc which autc>matically centers the drtll shank. Many electrk 
drills can be fitted with attachment's for driving screws, rotation of small Wheels, 
drilHpg at right angles; and other special work. • ; 

When drilling metal*with the electric drill, the user must first beisure that the 
diameter of the hole to be drilled is within the cajjocity of the tool. The size of,an m 
electric 4ri*l is usually determined by the Size of Its chuck. For instance, a l/2*inch 
drill is equipped' with a chuck that will take a twist drill 1(2 inctfui'diametej-, and no 
r larger. Using a laqjer twist drill than is recommended should be practiced, only 
during an emergency. Overloading an electric (Mil in this manner may either stall* ■ 
or overheat the drill motor. Continue stalling and overheating ^vill damage the drill J 
motor to a ^int where it will become useless. ' * 
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* v. " Figure 1. Electric Drill * 

When drilling holes, care must be used to hold the electric drill at a right angle to 
the surface that is being drilled. With the tool Held ja-that manner, exert a light pres- 
sure ^ the drill for continued drilling. If the hole? to be drilled through the work 
relieve the pressure on the drill when the point of t\e twist drill begins to break through 
the metal. Exert only light pressure to complete drilling the hole. Finally, puU . th... 
drill straight back until the twist drift is withdrawn from the hole, then shut oft the 
drill motor. You should remember that twist drills do not pull themselves into the 
work; they must be fed by pressure exerted by the operator. 

Maintenance of Power Drills ■ 

The drill should be oiled in accordance with manufacturer specifications. The 
ventilation holes on the drills should be kept free of dust or lint to prevent overheating 
of the motor. The chuck should be kept clean and oiled to prevent rust or corrosion. . 

IDENTIFICATION AND USE OF A BENCH GRINDER 
t. , „ 
The bench grinder, shown in figure 2, is a tool used for hand grinding opera- 
tions, such as sharpening chisels, screwdrivers, drills, and punches; "m°vmg ewess 
raeta from Work; and smoothing metal surfaces. It is usually fitted with both medium 
and fine grain abrasive wheels. These abrasive wheels may be removed and other , 
wheels substituted for them. Such wheels may include wire brushing wheels, buffing 
wheels, or polishing wheels. The work rest should be kept about 1/8 inch from the 
wheel. The rest serves to steady the-work held against it. , 



Figure 2. Bench Grinder 



Remember, the abrasive wheel which grinds metal can also grind hUman fingers 
easily. The work should be held firmly and at the correct angle on fchexwork rest 
provided on the grader. It should ^e feci into the wheel with enough pressure to re- 
move the desired amount of metal, without generating too much heat. J As often as 
necessary, cool oft the edges of tool's being ground to prevent drawing of tempe,r. 

* I 

Operation of the Bench Grinder / / 

Several precautions should be observed prior to using the bench grinder. Before 
applying power to the grinder, a visual inspection sftould be made co assure that the 
grinding wheels aresecurely mounted to the shaft, that they are centered and free of 
cracks or breaks. Because the grinder turns at a high rate of speed and torque, a 
cracked or broken wheel may disintegrate and injure the operator/ Check to see that 
the grinder is securely mounted. Loose or missing bolts can allow the grinde^M^shift 

vor turn causing damage to the equipment or the operator* Check/the area and floor to 
make sure sufficient room is available to move the material being ground, and. that the 
floor is free of oil, grease or other loose material that could cause poor footing. Adjust 
the wcfrk rest to the proper angle for the work be.ing done, making sure that the work 

• cannot be caught betw^ten the work rest and the grinding wheel. 7 Select the proper 
grinding wheel for the work being done. This normally means /that the coarse wheel 
will be used to grind the, work roughly to sizje while the fine wtteel will be used to finish 
th^ work. . / 

v Keep thje eye shield in place and also wear goggles. Th? eye shield is not total * 
protection from tiny pieces of red-hot metal or stone. Protect your hands. Remember 
the metal can become very hot. Hold, the work securely ana do not force ft against the 
' wheel. Even though the gtinder is turned off after it has been energized, it will take 
some time for it to wind down and stop due to the inertia stored in the grinding wheels 
and motor a^matura^'Be sure the wheels are completely stopped before touching the 
grinder wheels. v , I 

Maintenance of Bench-Grinders / 

T^ie abrasive wheels should be replaced when they tfecome worn or rounded. The 
electric motor which drives the abrasive wheels should be lubricated as the manufac- 
turer specifications require. Periodically, the wheel guards should be; removed and 
cleaned. Dust, dirt, abrasive compounds and work filings collect inside the wheel 
guards. Be certain the power source is disconnected before removing the wheel guards. 

V 
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IDENTIFICATION AND USE OF DRILL PRESSES x 

The drill press was originally a metal working tool. The new type, however, may 
be used for dulling metal or wood. The main parts of the drill press are a 
polished steel post fastened to the cast-iron base, a table for holding the work, and a 
motor -driven head which is mounted at the .top of the post. The head of the drill press 
has a boring spindle that turns inside a quill. The spindle has a cone-shaped pulley > 
mounted on the top. The "spindle is driven.by a' V-belt from a similar pulley mounted 
on the motor shaft. The cone pulleys mounted on the motor, and the spindle make it 
possible to change the speed from 600 RPM to 5000 RPM. Different types- of spmdles 
can be used in the quill. The spindles may have chucks of different types. One has a 
chuck with a setscrew. The bit fits Inside the chuck and is held in place,by the set- 
screw. Another type has a keyless chuck in which the bit fits. The bit is clamped in 
place by hand. The most popular chuck, however, is the Jacobs chuck. This is a 
geared -type chuck and the bit is clamped in place with a gear -type key. Other chucks . 
which require a-special taper on the end of the bit are callectMorse Taper Chucks. 

Operation of. the Drill Press » ✓ 

-Prior to operation of the drill press you should perform the following checks. . 
Check the area to assure that you have adequate room to work. Insure the floor is 
clean and free of grease and oil. Insure the drill speed will be correct for the material 
being drilled. Normally speaking, the harder the material the slower the drill speed.- . 
Set the drill table at the proper height fdf you. This height is normally even with the 
bottom of your "breastbone. ' Select a sharp bit of the correct size and place m tbe-drill t . 

Make sure the bit is centered in the chuck and all chuck jaws are contacting the_ 
bit shank. Operate the spindle wfth your hand to assure the spindle is free to » turn ^ 
' Move the operating lever to assure the drill bit can be raised and lowered. With your 
work in the drill vice lower th^tlriU bit to where the point will just clear the bottom of - 
the work and set the stop nuts at that position. , Remove the work from the vise and 
locate the point to be drilled. Using a center punch, mark the pilot point for drilling 
by making a small indention in the stock, place the stock in the vise,and attach to the 
drill table with a "C".clamp after checking to-see that the drill bit is lined oyer the 
index mark or indention. Connect the drill press to electrical power. Put on and ad - 
lust toggles. Check clothing and be sure" all jewelry is removed. Turn 'on the drill 
press. Lower the drill to the work making sure that the drill tip contacts the point 
marked for-drilling. Exert a light pressure on the operating levers When the drill 
begins to cut the metal, raise the bit and check the location hole again. If the drill , 
mark is centered on the pilot point, lower the drill bit and with a light, steady pressure ^ 
bore the hole. Do not try to remriVe the shavings with your hands. They are extremely 
hot and sharp. Use a shop brush. When ypu feel the bit beginning to go through the 
bottom relieve the pressure slightly on the operating handle.- When the. bit is completely 
through the metal, raise the bit, turn off the drill press and unclaitoo the vise from the 
table. Remove the work from the vise. Be careful as the work may, be hot from 
drilling. .» ' * 

Maintenance of Drill Presses 

The drill press should be cleaned after use. Metal shayings can lodge between the 
movable table and thfe polished steel post (column)i which scratches the finish,of the 
post/ The finish pi*dtects the post from rust or corrosion., A light coat of vaseline on 
the post will inhibit rust, and also act as a lubricant. The drive motor should be, 

*~ * - • 
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lubricated as required bv manufacturer's specification. The V -belts shou^J be replaced 
it worn or frayed. Vaseline dr a light grease should be applied to the .spindle which 
will allow the spindle to pass smoothly through the quill. 

SUMMARY ' . 

All electric powered equipment should be equipped with a suitable case ground. 
Electric drills are used ior the purpose of drilling holes. Drills.that use a self- 
centering chuck, are'msually. tightened with a key. One prime consideration for using 
a portable electric drill is to be sure that the work is within the capacity of the drill. 
Exert light pressure when using a portable drill. A bench grinder is used to dress or 
sharpen tools and metal stock. .A visual inspection should be performed prior to use of 
the bench grinder for safety. Use all safety precautions when operating the grinder. 
The drill press is basically a fixed machine used for drilling. Use all safety precau- , 
tions when operating the drill presss - t . * 

QUESTIONS 

1 ./ What type of flrtll shank is normally used with a portable hand drill? 

7,1 What* problem may develop from continuous stalling of a hand drill? 

* \ 

3. How is the bit secured to. the hand drill? 

4. How are the bearings on a portable drill lubricated? 

• \. What will determine the adjustment of the work rest on the bench grinder? 
6 • What should the visual inspection of the grinding wheels include ? 

7. What precautioft^eoncerning clothing,- a^ ey€-protection should be observed 
during the use of the bench grinder? 

8. How should the work be. secured when using a <\ri\l press? 

9. What is used to control the depth of the twiSt bit in a drill press? ^ ^ 
10. How should metal cutting be removed from. the, drill press? / 

References J ? % 

\ ' ' ' \ 

* 1. A^R 127-101, Ground SafetyAccident Prevention Handbook. 
• *% TO 32-l-10i, Maintenance and Care of Handtools. . \ 
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CONDUIT TOOLS, TERMS,, AND MATERIAL 

OBJECTIVE ' ; * 

This study guide is to provide a basic introduction of the tools, materials, termi- 
noloev. and bends of conduit wiring. 

INTRODUCTION 

A conduit wiring system is an electrical system in which the circuit (wires, 
switches outlets, etc) is enclosed within a rigid outer covering. y This outer covering 
is used to protect and preserve the electrical circuit from mechanical injury. As you \ 
will see as you go through this block, this meQteuiical protection can be made of several 
materials and take many shapes or forms. In order .to help you progress through this 
block there are specialized tools, materials and terminology that belong specifically to 
conduit wiring. Being able to recognize and understand this information will greatly 
aid you in performing your job as an Air Force electrician. 

> 

INFORMATION ^ 



CONDUIT TOOLS 



In addition to the\tools you have used in the other blocks, you will be using tools % * 
that are ^peci al to coiduit systems. These will be tools required to. cut, ream, form,' * 
connect fand^Sroi^his external protection for the electrical circuit. 

Cutting Tools 

* . • 

The two basic toojs used for cutting conduit to length are the hacksaw or the 

pipe cutter. * 

1 

The hacksaw is a tool made u$ of a frame and a replaceable, metal cutting blade, , 
These blades differ in length, hardness and number of teet^per inch. .Figure 3 shows 
a typical hacksaw and an assortment of hacksaw blades and their uses. Since these 
blades are hard and flexible, care must be exercised in their use to prevent the breaking 
of the Blade. Some pointers to remember are: Keep the saw in line with the cut. Avoid 
excessive' pressure. Assure that you have the proper blade forlhe material being cut. ^ 

While the hacksaw may^eajsed to put any type of conduit, the pipe cutter is 
restricted to rigid type conduit. Figure 4 shows a pipe cutter. 
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Figure 3, Hacksaw Blades and the Application 

Pipe cutters come in several frame 
» sizes to handle different diameters of 

*. rigid conduit. The cutter works by forc- 
ing a cutter wheel through the metal as 
the pipe cutter is rotated about the conduit. 
When using the pipe cutter remember: 
Keep the wheels and shaft threads oiled. 
Be sure that the cutter wheel is sharp. - * 
Avoid excessive teqsion on the cutter 
Figure 4. Rigid Conduit Cutter wheel when cutting, x v 

Reaming Tools >f 

*> 

After conduits cut to length, the cut 
end must Have the shirp edges removed to 
prevent damage to the wire insulation. 
This procedure is called "reaming. M 
Rigid conduit is normally reamed with a 
tool similar to the drawing in figure 5. 

<* 

• Other tools used for reaming are rattail files, diagonal cutting pliers and line- 
man's pliers. The reaming is completed when the sharp edges and metal burrs have 
been removed. 4 ; 

Forming Tools 



\ 




Figure 5. Pipfe Reamer 



P 



Conduit is purchased in straight pieces. Most generally lUs necessary to form 
the pieces by betjding to conform to the job requirements! This is done with special 
tools that will help bend the pipe without collapsing the walls of the pipe or reducing 
its inside diameter. The type tool used will depend on the type of conduit being formed. 
Figure 6 shows a conduit bender head that is used to form thiriwall Conduit (Iplso called 
ElectVical Metallic Tubing or EMT). A-pipe 'handle about *four-ieet long screws into, 
the shank of the head .\ , # . „ % 9 * 




The tool used to manually bend rigid . 
or thick-wall conduit is called a "Hickey. " 
Only small diameter rigic^ conduit can be 
worked tfith this tool because of the force 
required to bend the thick-wall pipe. 
Figure 7 shows a Hickey head. A pipe 
handle is screwed to the shank. 



•v 





Figure 6. Conduit Bender 



♦ / 
Figure 7. Hickey 



'If larger rigid conduit must be bent to conform to a Job ; a hydraulic. bender as 
shown in figure 8 will be required. 1 

, The mechanical force required to* 
bend the pipe is supplied by a hydraulic 
<s arm much the same as* a car jack. ' 
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Connecting Tools 

,Thick-wall or rigid conduit will be 
> joined together in the same way as gas 
water pipe. That is, the ends will be 
threaded and the two pieces joined' by a 
threaded coupling. To thread the ends of 
the pipe or conduit, a stock and threading 
die of the correct size is required. See 
figure 9, ^ 




3. la- 



Figure 8. Hydraulic Bender 



Figure 9l t -Nonadjys table Ratchet 
Stock and Dies 



The stbck is the part that holds the die and provides a handle for working leverage. 
The stock has a ratchet head. The dies are generally nonadjustable with replaceable 
cutting sections. To use the stock and die, assure that the conduit is held firmly in^a 
vise. See figure 10. 



» 



Conventional Pipe Vi£e 





Machinists Vises 



Figure 10. Vises 



Inspect the die to see that it is sharp and free of metal cuttings. Place the rough 
guide end of the die on the conduit and push the threading cutters against the pipe firraTy 
with the heei of the hand. Take three, or four short clockwise strokJ03'to startjhe 
■threads. , - 

When the threads are started, cut the threads. with* a steady, even pressure on the 
stock handle until tjwo threads show past the head of the die. The die should' be oiled 
each two to three qownwar^ strokes. Use lard or sulphur pipe thread cUt^ng oil to 
prevent overheating of the die. To remove the die from the threaded pipe, reverse the 
* ratchet and;turn the die stock counterclockwise/ ~ " * f * , • 

For connecting thin-wall or EMT conduit, a dimpling tool Is sometimes used. A ' 
connector of the proper size is inserted over the two ends of the fconduit to be joined 
and the dimpling tool is used to make two small indentations or dimples on each end -of 
the connector. ' ' ' 

Another, methodjof connecting EMT is with k split ring ccjinector which we will 
cove^ litertin the study guid$. . , 3 * 



The pipe wrench, shown in figure 11, 
is us_cd by the electrician to fit rigid 
conduit together. The conduit should 
not be allowed to "bottom" in the jaw 
opening because the Jwrohch will "kick 
• »ff ami rnulcl cause mjury-to the user. 
Keep the wrench wiped clean and be sure 
the jaws are sharp and clean of dirt and 
grease so that they will not slip. 




Figure 11. Pipe Wrench 



Securing Tools 



When conduit has been cut, formal, and coupled together, it must.thenbe • 
Secured to the structure that it will supply. This is normally done with conduit 
straps of the correct size and type. TJhe type of structure will determine what tools 
are required to secure the conduit to tfie structure by scraps, ll the structure is 
wood frame, probably nothing other than a claw hammer will be required. If the 
structure is under block or brick, you* will probably need a star drill or a masonry 
bit such as those shown in figure 12.. J 

i 1 





%tar Drill 



Masonry Bit 



. ' Figure 12, -Masonry Tools 

These tools are used td mlnch or bore a hole to provide for trie installation of toggle 
bolts or lead anchors. In some cases, a stud gun may be uded. iThis tool drives stud 
bolts or nails by the us,e of gun powder as the propelling forge. Only highly qualified 
personnel after extensive safety training should use a stud' gun' as it is extremely dan- 
gerous in unqualified hands. 
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Pulling Tool* I 

> After conduit wiring system is cinstalled and 
supported, the Fish Tape is pushed through the 
conduit lo allow I ho conductors to be pulled 
into ihv conduit from box to box. A Fish Tape 
is shown in figure 13. 




o 

Figure 13. Fish Tape, 



MATERIALS 



gid Conduit 



Rigid metal conduit is constructed of thick wall pipe greatly resembling water or 
' eas oipe. It differs mostly from standard plumbing by a smoother inside finish and 
' being annealed to a softer metal. There are two-types of rigid metal conduit: . 
Galvanized and Black Enamel. For Air Force purposes, we will consider only the 
galvanized conduit due to the many restrictions and high cost of black enamel conduit. 
Galvanized rigid conduit can be used for all atmospheric conditions , exposed ■ or con- 
cealed work It 'requires fewer supports than other conduits. The size of the conduit is, 
• determined by its inside diameter and is supplied in 10-foot lengths. 

Electrical Metallic Tubing * , 

the same as rigid conduit. 

Flexible Metal Conduit ' x 

. Flexible metal conduit is a specialized conduit that is used, where minor adjustments ; • 
of eqSpSent are required or where vibration is present. It may be used in places where 
?orSng of beSs in thtewall or rigid conduit would.be too difficult The^bends in the 
Sble concSt should be secured to prevent the conduit from changing shape and bend- . 
,ing the conductor. ■ V 
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Couplings 

• While We have dtacus«ed the use of couplings previously in this study gmde, lig- 
urr 14 wdl show you what they look like. Remember, these couplings are used to join 
two pieces of conduit. 

Rigid Conduit Connected with Coupling 




' 5MT Coupling Indention Type EMT Coupling Compression Type 

Figure 14. Couplings v 

The compression or split ring coupling is made up of five parts** one body threaded 
on both ends, two. split rings and two end nuts. The nuts are slipped over the ends of 
the conduit, then the split rings are slipped over the conduit. The conduit is then in- 
serted into the body until the end of the conduit: butts up to an internal shoulder.. The 
split ring is pushed to the end of the body and the end nut is threaded onto the body. -As 
the nut is tightened, the split ring is ^ompressed against the conduit causing a secure 
grip "on the conduit. See figure 1.5. • *"* , ' • 




Figure 15 # Compression Coupling < 




Connectors * • 

r ~ ' . 

All parts of the eiectrical circuit must be protected nieduinu-allv Lrum the source 
ipanelboard) where the circuit branclles (junction box) where the circuit controlled 
(switchbox) to where the^tower is used (duplex, light fixture, etc). In order to fasten 
this material into the circuit, connectors are used. The type of connector will depend 
on the type of conduit involved. Changing from one type of conduit to' another type of 
conduit Will require a special connector. 

Rigid conduit is normally, connected to a box by the use of two iocknuts, one inside 
the box and one outside the box as shoyn in figure il6. A bushing is also used ahd 
serves to hold the inside iocknut and protects the inductor insulation. 

An EMT. connector has a compression fitting on one, end and a Iocknut fitting on 
the other. The compression fitting is attached to the conduit and the Iocknut is used % 
to* attach the connector to the b.ox. 'Shown in figure 17. 
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Boxes may be of several shapes^ as shown in figure 18, and depths. They are 4 
used to protect -the* device installed in fchem such as a switch or duplex aiid.to provide 
space for splices while offering a firm mounting for devices and fixtures. Atrcordinf* 
to Art^el* 370, entitled ^Outlet, Switch and Junction Boxes, and Fittings, 0 certain 
% rules have been established concerning the aboye items. Some of these rule's wilLbs 

* discussed in the following. paragraphs; however, reference should be made to Article 
378 of the rfEC, \ # . • ' 

One of th$ provisions/of Article 370 is that when installing conduit, rountTb^xes * 

* shall not be used if lockmi^s or bushings are installed tp the side of the box. Another, 
provision is that boxes or fittings instaltedjin wet locations shall bfe weatherproof. TM 
heat reduced when currentflows will limit the number of conductors thai can btf placed 
Jn Certain size boxes, table 370-6(a)(l) through Table 370r6(b) show the numbers and 

sizes of the conductors arid also* the dimensions 'and types of, boxes used^ Article 1*79 
also indicates that *aU*unused'dpenings, such as knockouts, are to be effectively close<J. 
Boxes shall also be securely and rigidly fastened to the surface tp whi'ch they are , 
mounted. In completed installations.each outlet box^ shall Have a cover installed. Ref- 
erence is fto given to pull and junction boxes. A junction. box is used fahefr a^<Sn- 
ductor musf be spliced ^ind pontinued to other sections of a cirtuit. A'pull box is used 
In long or hard funs, of conduit so the conductors can be pulled to that point and'then 
pulled to theVnext opening. 

Straps 

Conduit i§ jsecured with conduit straps to the structure. Different sizes, and type** 
are used depending.on the size of the conduit, type of conduit, and type of structux;et ; 
Figure i$ shows some .examples of conduit straps. 4 




Figure 19. Conduit Straps 
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Cpndulets ^ / M 

\ There ar« two Ivpes of conduit bends. They are factory bowls and field bends. 
SunVimes,- because of construction features, it isjAessarynu have a bend m a con- 
Ait l^*tem that is closer than a bend that can b^niaW with a bender. It may be nec- 
essarv to haw a tjull box due' to.the amount of bends in a rult of conduit. In these ca 
a condulet would be installed to suit the situation. , Condulets»are factory-made .vn vai 
ious shapes to cover differentiations. One side will provide an open area to help 
when pulling in wires. A few W the types are shpw) figure 20. 



TYPE T 
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Figure 20. Condulets * * ^ 8 
TERMINOLOGY 



The electScVl t?ade, probably more than-any other, is subjected to many terms . 
that aje never kni^ra except to electricians. 

' ' 'Charter I Article 100 of the National Electrical Code contains a large list of these 
defin?t^- SeviS of the more common terms and definitions are included here. 

-\An accessory such as a locknut/ bushing,or cjher part of a wiring iJJ*»m 
' Z ^ \ WchTs Sded 

, function. ' 

■ service Raceway: The rigid metal conduit, eleltrical metallic tubing or other 
■ Service BSggL* ^ ^ e ^ loses the service entrance conductors. 

device- A unit of an electrical system which is intended to carry but not- utilize 
■ ~ ' eWtricaJ enel-gy. Example - switch." 

Raceway' Any channel for holding wires,' cables or busbars which Is designated 
^ mSS rT:. expressly for, and used solely\for, this purpose. 

' WeatherW : Weatherproof means so constructed or protected- that exposure to the. . 
■ " W eather will not interfere with successful operation. 



Appliance : Utilization equipment, generally other than industrial, normally built in 
" standardized sizes or types, which is instailecror connected as a unit to 
perform one or more functions, such as clothes washing, air-conditioning, 
food mixing.etc. 

Isolated: Means that an object is not t readily accessible to persons unless special 
~ means for access are used. . 1 , 

Switctooard: /A large single panel, frame, or assembly pi panels on which are 
" 'mounted, on the face, back or both, switches, overcurrent and other ■ < 

protective devices, buses and usually instruments. 
Switchboards are generally accessible from the rear as wel^as from the 
front, and are not intended to be installed in cabinets. ■ , . 

Ventilated : Provided witka means to permit circulation of air sufficient to remove 
an excess of heat, fumes, or^vapors. 

Stub: The rise of conduit above a given point. Normally associated Vith a 90° 

bend. „ • ' 

Takeup: The amount, ip inches, of conduit consumed in the tetad. 

Parallel: Two lin^s that if extended forever would not touch or cross. Two lines in 
the same plane of reference.,- - m ' 

Outside -to-Outside: In reference to conduit bends, from* the extreme outside edge of 
the bend |o the extreme outside edge, q/ the conduit on the other side of 
the bendA • * 

Inside Diameter: The distance, in inches or fractions thereof, across the opening of 
the conduit. 1 

SUMMARY 

It is in your best interests to know your tools and how to use them. 4 They^will 
make ,your job easier and faster and allow you to work more safely. 

* ' . ' • > \ 

Being able to identify and use the factory -made materials available ^will imprpve 

your e/forts. . You cannot decide at any stage of your Air Force electrician career 

that yo^kAow all the materials available as new^products are constantly coming on the 

market. * ' • • v , 

Correct terminology permits yotl to define arid communicate more exactly in the 
language of vour trade. Study Jthe National Electrical/Code chapter on terms and^def- 
initions. *This should be a continuing study newHterms are constantly being* included 
in the language , v 
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QUESTIONS * 

1. EMT is cut with a pipe cutter. ' , 

2. A Device uses electrical energy. 

3. Rigid conduit over 3/4 inch cannot be threaded. ■ 

4. EMT and Rigid conduit require different benders 

5. Burrs on rigid conduit may be removed with a rattail file. 
* ■* ^ | 

6. When installing rigid conduit to a box, a locknut should 
be used- on both sides of- the box. 

t 

7. A hacksaw blade jvith 32 teeth per inch is satisfactory 
for EMT conduit. 

8. A Bushing is used to reduce the size of a hole in an 
octagon box. 

9. Rigid conduit is fastened together with a threaded 
coupling. 

10. <:ondulets can be used instead of bends in rigid conduit. 
REFERENCES 

1. TO 32-1-101, Maintenanctf^nd C^re Handtools 

2. AFR 127-101, Ground Safety Accident Prevention Handbook 
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CONDUIT WIRING 

^ j~ • 

OIUISCTIVK * . N 

This study guide will help you identify the different uses of*conduit and how Ihry 
arc formed and installed. 

INTRODUCTION - - 

1 • 

Since conduit wiring systems offer, the greatest mechanical protection to the 
circuit, it is considered to be the safest method of wiring. This method of wiring 
allows more possibility for change and updating of the wiring requirements than most 
other methods. As with other methods of wiring, conduit wiring systems requirements 
are covered under the National Electrical Code. 

INFORMATION N 

NATIONAL ELECTRICAL CODE INSTALLATION REQUIREMENTS FOR pO^DUIT 

*> As<vou have already discovered from the previous block of instruction, the f 
Natio&tllSlectrical Code establishes Vninimum safety Requirements for electrical work.- 
This hblds true for conduit wiring systems. Chapter 3, "Wiring Methods 4 And 
Materials, " discusses installation procedures and requirements for wiring. This / 
chapter is broken down into articles and paragraphs concerning specific types of 
material installation. 

Rigid Conduit 

Chapter 3, Article 346^ covers the installation limitations arid requirements for t 
rigid metal conduit. You will note that rigid galvanized conduitiias the fewest restric- 
tions of any conduit system. Notice that the size of conduit is from 1/2 inch. up to 6 
'inches in diameter, 

■i - 

Electrical Metallic Tubing * * ♦ 

" Chapter 3, Article 348-1 through 348-14(e), covers the use'and installation of 
EMT. Note that because of the thinner walls of this cbnduit, special attention must 
be provided to prevent physical damage during or after installation. 

9 

Flexible Conduit tf ' 

Chapter 3, Article 350-1 through 350-5, covers the use and installations of flexible 
conduit Note the, restrictions and size limitations. / * 
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TYPES OF CONDUIT 'FIELD BENDS 

Conduit installations are normally referred to as "runs" of conduit. A conduit run 
is the bends and installation of piping from one opening to the next opening. For ex- . 
ample", from the panelboard to the first outlet or from the first outlet to the second 
.outlet.- - ' , 

A run of conduit is normally made up of a combination of bends. These combina- 
tion bends are called offset, back to back, gooseneck, and saddle bends. 

. \ 

Offset 

An offset bend is two equal bends in opposite directions. It is used to avoid a 
part of the structure or to bring the conduit out from the structure to match a. knockout 
in a box or panel. Note in figure 21 after the bends are.made the conduit sections on 
each end of the offset are parallel to each other. , 



b p oof, 
1000' 



Figure 21. Offset Bend. % • 

To make accurate offsets of 2" or more\in depth a predetermined distance can be 
marked-on the conduit before making the bends. Table J shows how to judge the dis- 
tance Because of the. radius of the bender, offsets less than 2" in dep<h, such as the 
box offset shown in table 1, cannot be calculated as described. The amount of bend 
for box offsets is merely estimated. « , 

. * 4 



TaWa 1 



Angle 

of 
Bends 


Constant 
Multiplier 


22j° x 222° 


,.2.5 


30° x 30° • 


2.0 

i 


45° x45° 


1.5 ' 


60° x 60° 


• .4„2 


Formula „ * 

OFFSET Y CONSTANT _ SEJJXJ 
DEPTH * MULTIPLIER I ^NDS? 
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Example; Offset 3" deep with 30° bends, 

1. Multiply depth of offset by constant multiplier shown for 30° bends (see .table) 
3" x2.0'*6'\ • ^ 

2. Place marks on conduit 6" apart shown in figure 22. 

«►» • 

3. Mn^c n 30° b^nd at each mark, » 




_ PLACE . 
ARROW OPPOSITE 
YOU* MARK 



END OF CONDUIT 



Figure 22 

NOTE: Bend with mark on conduit opposite arrow on bender. 
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^Figtoe23 , ° 

The result is an offset that wilf clear a 3" obstruction as shown in figure 23. 

Back-to-Back * * 

'The back-to-back is two opposed 90° bends that reverse the direction in a run of 
conduit. In making the back-to-back bend the first 90° bend is made with a certain 
amount of "stub.** The length of stub is obtained by marking the desired distance from 
.one end of the conduit and 'subtfac ting the taKeup. Then place arrow of beqder at that 
point and make a 90° bend. The amount of takeup is determined by the size of conduit 
shown in table 2. 



Table 2 



90° 

BENDER TAKEUF > g^bs 


1, 2 EMT 


en 
a 


3/4" EMT or 1/2" Rigid 


6" 


1" EMT or 3/4" Rigid 


'8" 


> 

1 1/4" EMT or 1" Rigid 


11" 







Figure24 shows how to make a 90° bend with a 10" stub on 1/2" EMT. 

> V 

1 



-10" — h 
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1/2 EMT 




Figure 24 

To determine where to place the second bend an outside -to -outside measurement 
must be taken and marked on the conduit. The bender is then placed on the conduit 
with the star point symbol on the bender opposite the finish line desired. (The star 
foretells where the back of the 90° bend will lay.) The 90° bend is then made opposing 
the first 90° bend as shpwn in figure 25. 
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Figure 25 



Pipe Saddle 

The pipe saddle is used when going 
from a flat^ surface over a round obstruc- 
tion, such as a pipe, and back to the same 
flat surface. This bend is made using 
three opposed bends. Figure 26 shows 
a pipe saddle., 




. The first bend of the pipe saddle is Figure 26, Pipe Saddle 

a 45° bend made>at point "A ,f in figure 26, " ' 

The star of the bender is placed opposite the point where the conduit will pass over the 
obstruction. Bends ,f B" and ,f C" are 22 1/2° bends opposing the 45° bend. These are 
made with the arrow of the bender at points 2. 5 X diameter of the obstruction on either 
side of point "A." The distances should be marked on the conduit prior fo bendinf, as 
illustrated in figure 27. ^ 

Example: Pipe Saddle over a 2" diameter pipe. j* % 
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POINT A 
* 



COMOUIT RUN 



-PIPE 2 OIA. 



2.5 * (OIA. OF PIPE) 2 « OISTANCE ON 
EACH SIDE Of 
POINT M A" 5" 



•5" 




22 1/2° 



22 1/2° 



, Figure 27 



Gooseneck ^ 

The'.gooseneck bend'consists of one 90° bend and an 'offset. The gooseneck is gen- 
erally used when installing an overhead fixture through the ceiling as shown in figure 28* 
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Figu/e 28. Gooseneck Bend 

* The 90° bend for the gooseneck, when run on ordinary ceiling joists, should be : 
bent with the shortest possible stub without reducing the inside diameter of the conduit. 
This reduces the amount of offset that needs to be made and also leaves less conduit 
above th« ceiling joists. The depth of the offset earthen be determined by measuring 
from the top of the ceiling joists, as illustrated in figure 29. 




DEPTH Of OFFSET 



Figure 29; 
CONDUIT BENDING 



The actual bending of conduit is an art. Like- all forms of art, the more often it is 
practiced correctly,' the more proficient'thet artist tfecoraes. Each type oi conduit has 
its own peculiaritjes when bends are being formed. 

Rigid Conduit ,j ' 

The bends in, small rigid conduit are formed with a shdrt throw hook called a 
"hickey. " The hickey does not have reference mark's cast in-. This requires the oper- 
ator to perform much more by feel of the work than other benders. When bending 
rigid conduit the hickey is moved short distances up the conduit in what are called 
"bites." The length of the bites should be kept uniform to assure a smooth bend J 
the. same radius. See figure 30. • * c 
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TAKE SMALL BITES 



Figure 30. Bending with a Hickey 

Because rigid conduit has a thick wall anc} is difficult to bend, the diameter of 
rigid conduit that can be bent with a hickey is limited to about one inch. Larger sizes < 
of rigid conduit are formed with hydraulic benders t>r factory made bends are used. 



To assure that the bends are correct a level should be^sed, if available. If a 
level is not available, a corner can be used to check a 90° bend/ With practice you 
will develop a feel for the amount of pressure required to bend conduit. 

ELECTRICAL METALLIC TUBING (EMT)' 

- is forced with a special bender agflpreviou sly. stated. Each diameter EMT 

will require a bender of that diameter. All tfie norraaTfield bends can be made with 
the bender. The shape of the bender will provide automatically for the proper bend 
radius.' This bend radius is not less than 6 times the internal diameter of the conduit. 
If used correctly, the bender will help prevent kinking, flatting, or reducing the inside 
diameter of the conduit. 

When possible, the bend will be made on thelloOr allowing the' operator to use the 
"foot step" as well as the handle in making the bend. See figure 31. 

This helps keep the conduit flat and also requires less pressure to complete the 
bend. • 

There will be times when it will not 6e possible to make the bend on the floor. 
This situation can arise because of si bend already made in the conduit so that the con- 
duit cannot lay flat on the floor* If this-happens, the bends can be made "In the air. " 
As you see. from figure 32, the bender handle rests oivthe floor with the Bender head 
up. Extra care is required to keep the bends straight and the handle from slipping on 
the floor, N 

EMT conduit Will probably be the type conduit you will work with most in your Air 
Fofce career. It combines gbod protection with reasonable cost to.provide an excellent 
system.' * N 
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Figure 31. Floor Bend With EMT Figure 32 

Flexible Conduit, (Greenfield) 

• la 

Flexible conduit will not require a tool for bending as it can be readily shaped with 
your hands. Flexible conduit may, however, require tying to some support to maintain 
the desired Bends when it is installed. 

Flexible conduit must not be used in wet locations.- Flexible conduit must be se- 
cured by cable clips or pipe straps within 12 inches of the b<5x u andlhei at intervals not * 
to exceed 4 1/2 foot.* Flexible conduit is cut to length with a fine -toothed hSicksaw. 
The cut should be made at right angles to the steel ribbon that makes up flexible con- 
duit as shown in figure 33. , 





Figure 33. Cutting Flexible 
* Conduit 



, After the ribbon is cut, g^asp the 
conduit on each side of the cut and twist 
the conduit. The rough edges should be 
dressed with a file and a split busTung 
inserted to protect the conductor insula- 
tion as shown in figure 34. 
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THREE-PHASE POWER 
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Figure 34, Bushing Installed 
In Flexible Conduit 



You may require three-phase power 
to operate three-phase motors or other 

equipment in the building. The power requirements will dictate to a large degree what 
three-phase power configuration 13 run to the building^ Jhe two basic conditions that 
would exist would be-power only or power and lights. 

Figure 35 'shows two transformer connections that may be used. 




Figure 35^ Transformer Connections 
30. 



Figure 35 A, would be used wher,e only power is needed to operate motors. Only 
three wires are available, and the voltage between them is higher than can be used for 
a normal iighting circuitj 35 B connection provides a neutral wire so that you will 
have a lighting circuit or single -phase voltage available if required. 



TERMS AND DEFINITIONS 

\, To understand the purposes and installation of a service entrance, you must be- 
come familiar with the terms and definitions of the service, service drop, service 
entrance, and service equipment. 

Service 

r # 

Service is provided by the conductors apd equipment, for delivery of energy from 
the electrical supply system td the wiring system of the premises served. 

r - " 

Service Drop 

Service drop is made in the overhead service conductors from the last pole or 
ot.lfer aerial support to the first point of attachment to the service entrance conductors 
;\i the building or other structures. " ^ J 

Service Entrance 

■ ' > ? 

Service entrance is the service conductors between the terminals of the service 
equipment and a point usually outside the building, clear of building walls, where , 
joined by tap or splice to the service drop. * A typical, single -phase service entrance 
using conduit is shown in figure 36. %• 
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Service Equipment * 

Service equipment consists of a circuit breaker or switch and fuses, and their ac- 
cessories. They are located'near the point of entrance to a building and are intended % 
to constitute the main control and means of cutoff for the supply to that building. 



Wl Aim rhud. 




Figure 36, Service Entrance Installation 



'ELECTRICAL POWER SYSTEMS 

* 

The .service entrance is attached to the service drop and consists of a^weatherhead 
(service cap arid conductors) which ^re connected to the service equipment. 

The service equipment can be in a papel by itself or it can bejncluded in a panel r 
board containing the branch circuit protective devices. The service equipment is pro- 
vided to connect or disconnect the power supplied to the fuses orbreakers and the 
branch circuits. The fuses*or breakers are included in the system to protect the 
equipment and circuit from damage in case of an overload or short, in accordance 
with NEC Article 240. 4 ■ 
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* Branch circuits extend from the *pn>tective.devices and provide power in the dif-* 
ferent rooms or areas of the building- It is best to hold current now to a. minimum on 
the identified or neutral conductor. To-do this, the unidentified or hot conauctcrs 
should carrv the same amount-of current flow. This is referred to as balancing oircui 

' INSTALLATION OF THE SERVICE ENTRANCE 

The service entrance will be of the overhead or underground type. In most" mod- 
i rn construction the service entrance will be made inronduit;, ^ ; 

In some cases the design engineer provides all the necessary information for in- 
stallation of the service entrance; however, if this information Is not- provided, you 
may locate it in Article 230 of the NEC. The service to the building should be cen- 
trally located. This will help prevent low voltage at theTends of .the building caused 
by long conductor runs. The service -entrance that you install will be in qonduit. 
* Figure 37 identifies the parts of your service entrance: 

Servioe Cap (Weatherhead) n- - v r 

9 

The, weatherhead is made up of a ceramic or a-bakelite separator'washer and a 
screw type metal cover. It is attached by threads to the conduit mast and noxmialty 
^ will be at least 10 feet above the ground. The weatherhead is used -to prevent water 
from entering the conduit and damaging the conductor insulation. 

Conduit • : - 

The conduit wUl generally be of a rigid type, cut to correct length to provide 
proper clearance, tnreadedon both ends and *Qf sufficient size to carry the required 
sizp conductor, ^ 

Entrance Ell ^ 1 

The entrance ell is also called a condulet. It is-used as a pull bo* and to make a 
sharp 90° angle from the conduit to the panejboard by the u$e of a nippl$. 



J- ^ Nipple 



The nipple is a piecd of conduit of the cprrect length to go through the outer wall 
and connect the conduletno the panelboard by locknuts. - 

**& , ■ * ■ 

Conductors - ' 

The conductors should be of sufficient v size to provide the correct amperage £o the 
building* They must be long enough to extend from the panelboard thrpugh the 
weatherhead^jlus abefot 3 feet* to form a drip loop. All conductors should be installed 
at one time . * * 
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ORIP LOOP 




WEATHE RHEAD 



PANEL BOARD % 



LOCXNUTS 
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BOOTH WALl 



NIPPLE 



1 . Figure 37. Service Entrance Components 

Assembly of Components - 1 

Attach the conduit to the weatherhead and conduiet. Then attach the nipple to thfe 
condulet. Insert the nipple into the previously drilled hole through the outer wall. 
Attach the conduit to the building with a strap withia^ feet of every box or, fitting and 
10 feet thereafter. Then put a locknut on the nipple outside and inside the panelboard. 
\Vhen4his second locknut is tightened, the panelboard -is- secured to the nipple. Then 
attach the panelboard to the wall with screws. The conductors are installed and a 
grounding bushing is screwed oflto the end of the nipple inside thi panelboard. This ■ 
bushing is jto prevent damage to the conductor insulation and to ground the conduit ^ 
system. • The conductors aire now connected to the panelboard as shown* in figure 38. 



34 



CONNECT TO POWER SOURCE 




BRANCH CIRCUIT 120 VOLTS 



Figure 38. Panelboard . 

Grounding - 9 

The. ground clamp should^ be made of the same material as that to which it is 
attached. If an iron water pipe is used for ground, then use an iron clamp; if copper 
is used, use a copper clamp. This is done to hold down electrolytic action which can 
deteriorate the ground or ground wire. The loss of a ground would result in the sys- 
tAi becoming very dangerous. 
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SUMMARY. ' ■■ 

< Requirements for -conduit wiring can be found in the National Electrical Code. 

Rurid conduit u.) to one inch can be formed with a hickey, is connected by threads, 
„„ SSt SSSJ?.r pip. cutter, and reamed before installing EMT is cut with a 
fine -tooth hacksaw, then reamed and formed with a special EMT bender. 

Flexible conduit is a.specialized conduit, highly restricted to use that should -be 
cut with 1 hacS at right angles with the steel ribbon that makes up ttie conduit. The 
cut must be dressed and > ^pUt bushing should be used. 

NOTE: See articles 346, 348", 350/ 300, and 215 of the NEC for additional 

inf6rmation. ' - 

4 Three-Phase Services wiU be either three-wire or {our -wire, depending on.the 

,use to be made of the power in the building. * 
QUESTIONS ' 
i,. Name three types of conduit. 

2. What is the maximum size of rigid condliit? ^ 

3. How does rigid conduit differ from water pipe? 

4. How is the diameter of conduit determined? - 
if possible, how should EMT be formed? 

6. What is the minimum bend radius for EMT? 

7. Name two uses (^f flexible conduit. 

8. What should be used^at the ends of flexible conduit to protect the conductors? 

9. What is a service drop? What is a service entrance? 

10. What two things should be considered when estabttshingsthMe-phase service ■ 
- requirements? 
REFERENCES 

1. AFM 91 -17,. Electrical - Interior Facilities , 

2. AFP 85-1, Electrical Facilities Safe Practices Handbook ^ 

3. National Electrical £odQ 

4. Electrical Trades Blueprint Reading 

5. NFPA Handbook of the NEC * ^ ' * ~~ 

6. Practical Wiring 

7. Electrical*Code Diagrams, Volumes I and II * 
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CIRCUIT EXTENSIONS 

OBJECTIVE * * . ' . 

This study guide is to help you understand the types, purpose, and installation 
requirements for circuit extensions in accordance with the National Electrical Code. 



✓ INTRODUCTION 

Building plans and builders try to anticipate the needs and requirements of the 
occupant for electrical power. Changes in use of the building, new or additional equip- 
ment, or reorganization of personnel may r^ouire additional or relocated outlets. Be- 
cause of building construction or the tejnporj^MMrtnre of the new. requirements, it* may 
not be feasible to run new branch circuitsrtJithin the finished walls of the building. A 
systenNor providing neat, safe electricalNmtlets has been provided under the rules of 
the NEC. This system is called circuit extensions. In this study guide we will discuss 
two types of circuit extensions. 

INFORMATION ■ . 

SURFACE METAL RACEWAY < 

Where appearance is a primary factor, surface metal raceway is used. -This * 
raceway is finished with a baked -on enamel finish Chat blends with or complements 
"the wall finish and is meant to be used only as an exposed circuit extension. Circuit 
extensions in surface metal raceway must be continuQus from outlet to-outlet. It may 
not be used forfconcealed work or where subjected to corrosive fumes. Surface metal 
raceway comes in various sizes and with factory -made fittings such as pull boxes, * 
junction boxes, switchboxes, receptacle outlets socket outlets, elbows, couplings, 
bushings, straps, hangers, adapters, and the like. Figure 39 shows atypical surface 
metal raceway installation. 





Figure 39, Typical Surface Metal Raceway Installation 
INSTALLATION OF SURFACE METAL RACEWAY 



Starting at the*exisjting outlet, fasten 
a blank extension adapter over the existing 
outlet box with machine screws. Figure 40 
shows an extension adapter. 



Align the run of metal raceway and 
install the other required bases for tees, 
corners,* switches, or outlet boxes. These 
bases should be installed with flathead 
screws or toggle bolts, to prevent insulation 
damage to the conductors when they are 
installed. Figure 41 shdws the installation 
of the basic supporting units for a surface 
metal raceway circuit. 




Figure 40. Extension Adapter 




Figure 41. Suppdrting Clip 
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The surface metal raceway must be supported at least each 4 1/2 feet- Couplings 
are used to fasten the raceway to surface on which it is being installed, Couple^the 
base of the fittings to the raceway by slipping the tongue oi the fitting under the base of 
the raceway. - Using a pair of pliers, 'remove twistouts from the covers, then snap on 
screw cpvers ta bases of the metal raceway. Snap on elbow and connection covers and 
install conductors. In the case of inside .elbows, it may be necessary to use pulleys 
and a fish tape to install the conductors before the elbow covers are^nstalled. See 
figure 42. Other installation requirements are found in Article 852 ohNEC, 
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•Figure 42. Fishing Conductors Through Surface Metal Raceway 



Conductors Allowed in Raceway 

ti * 

The number andsize of conductors in surface metal raceway will be determined 
by the size and design of the raceway. Table 1 will show the number of conductors 
that may-be installed in varioiys sizes and types of surface metal raceway. 
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TRADE NAME 


DES. NO. 


NUMBER OF WIRES 
14 12 10 8 




200 


3 


3 


* 




500 


* 5 


4 


3 2 


Wiremold 


700 
1000 


8 

10 


6 

♦10 


5 3 
8 8 




1500 




A 
*t 






2100 


6 


6 






022 
& 

999 


2 


2 




National Metal Molding 


044 
& 


4 


4 


3 3. 



333 
111 



1 - Table 1. Number of Conductors Used in Raceways 

Installing Switches and Receptacles 

The installation of switches and receptacles in surface metal raceway will be , gov- 
erned by-the same rules of the National Electrical Code that apply to conduit installation. 

CONDUIT CIRCUIT EXTENSIONS l " 

Conduit circuit extensions differ from surface metal raceway circuits in that a 
conduit' circuit extension may be either exposed or concealed. The conduit circuit 
extension may be in rigid, EMT or flexible conduit, Bistalled in the same manner as 
a regular branch circuit and is subject to the same NEC rules. 

SUMMARY , 

Surface metal raceway circuit extensions are restricted to resident and office 
space installation. They are designed to provide either additional or relocation of 
'outlets They are usually constructed of a material that will Wend into the overall 
decor of U»e room. Surface mfital 'raceway will provide mechanical protection. 
Factory -made fittings and connections for surface metal raceway provide- for almost 
any installation situation. Surface metal raceway may be painted to blend with any 
surroundings. Conduit circuit extensions may be either exposed or concealed and 
are made of regular rigid, EMT, or flexible conduit. 
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•QUESTIONS 

1 . What is the purpose of circuit extensions? 

2. Where may surface metal raceway circuit extensions be installed? 

> 

3/ What is the maximum volt^geJor a surface metal raceway extension 1 ^ 

4. What governs the number of conductors that may be installed in surface metal 
raceway? ' 

5. * Why are circuit extensions sometimes necessary? 

6. What holds metal raceway to a wall? 

7. How are conductors installed in metal raceway? 

8. . How may a opnduit circuit extension differ from nonmetallic or suface metal 

raceway circuits? 



REFERENCES 

1. National Electrical Code 

2. Blueprint Reading 

3. NFPA Handbook of N£C 

4. Practical Wiring 

5. Electrical Code Diagrams, Volumes I and II 
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LOW-VOLTAGE CIRCUITS , , 

OBJECTIVE 

- This study guide is designed t6 familiarize you -with special circuit utilization, 
operation, and installation. ' 

INTRODUCTION " • ¥ t 

The voyages which you have endountered so far in dealing with residential and 
office wiring have been the standard voltages of 120 'or 240 volts. These voltages are 
usually the same as those supplied by the distribution system from the distribution 
transformer. Unless the duplex outlet in k building is especially marked, you would 
expect to find 130 volts. However, certain types of equipment do not operate on this 
much voltage. 'The reason is that lower voltages are safer to handle. Circuits which 
operate op Voltages lowfer than 120 volts are usually Referred to as low-voltage-circuits. 
Some of the more important low-voltage circuits are needed for doorbell systems and 
fire alarm systems. This study guide will dea^with the low-voltage doorbell cirriiit. 



INFORMATION 



LOW -VOLTAGE DOORBELL SYSTEM 



Probably the simplest low -voltage 
circmt that you will encounter is the cir- 
cuitiftan ordinary doorbell system. 
The doorbell circuit has a stepdown ' 
transformer for reducing the voltage; 
► bells, ctfimes, or buzzers for signaling; 
a pushhutton switch for completing the 
circuit; and wires to connect the com- 
ponents together. Figure 43 is a wiring 
diagram of a typical doorbell circuit. 

In operation the circuit is simple. 
120 volts is applied to the primary side 
of the transformer continuously. The 
transformer reduces the voltage to 12 . 
-volts for the operation of the bell. When 
* you press the pushbutton switch, the 

N low -voltage current travels to the ter- 
minal,* through the slecfromagnet, 
through the contact points and back to 
the other terminal and returns to the 

^ transformer. 

The electromagnet pulls the arma- 
ture down,' breaking the circuit. The 
armature, is then moved by a spring to 
its former position, closing the contact 



I20V< 



,1^4 PUSHBUTTON 
SWITCH 



JZL 



TRANSFORMER 



ELECTRO- 
MAGNET 



TERMINAL 




<+ — HAMMER 



Figure 43, 
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points and^ain energising the circuit. Rapid re ^^^^^^M^^ - 
to vibrate and ring the'bell. The loudness of the b 61 ^^^^^^^ 1 " 6 the 

A buzzer works on the principle of the bell.; How^yj^^J^ l j«f™*^ e 
circuit as do buzzer&and bell?. The'electromagnet^ P^^^^^j^ h i ; B wfnn 
plate, and the plate produces the chiming sound ^^jB^gSS Two 
Is released and the plunger is returned by spring action and the plat e. . iwo 

Nation crimes hie tlo solenoids. One solenoid acts like the^^escrtbed with the 
.SSE pluSer, id the second plunger hits only one striker plate and produces a single 
tone. ( . 

Circuits for bell, buzzers, and chimes can be controUed from more than one loca- 
tion by para^^^ pushbutton switches. . More than one bell Or buzzer can be con - 
trotledEone location by paralleling fte bells or buzzers. The inductors used in , 
low voCe of the dir.cuit are usually two-#18 AWG insulated copper conductors twisted 
together. Be careful not to overload the transformer. 

SUMMARY ' 

Some circuits require special voltages. Special voltage circuits should be marked. 
A doSteU circuit is normally a low voltage circuit. A stepdown tnansformer is used 
fo S« norm^ 1?0 volts to 12 volts to operate the doorbell system. , The major parts 
of fSwSsystem are: A transformer, a pushbutton switch, "V^***" 1 
assocUted wiring. More than one pushbutton may be used by paraUeling the switches. 
NormalirnS? 18 XWG inflated copper wire, is used to installs doorbell circuit. . 

. QUESTIONS * 

1. Why do some circuits require a low voltage? ^ . , 

2. .What should be done to any duplex outlet that is furnishing voltage different from 
' the normal 120 volts? 

3. What is the purpose of the stepdown transformer in a doorbell sfstenu? 

4. What is the purpose of the electromagnet in the doorbell? ^ 
5 liow is the loudness of the bell controlled? • *• 

REFERENCES 

1. NEC ^ 

2. Electric Trades Blueprint Reading, R. C. Mullin 1969 Edition 

3. NFPA Handbook of NEC, Frank Stetka 

4. Practical Wiring, H. P. Richter 

5. ' Electrical Code Diagrams, B. Z. SegaU * • - ' 
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TROUBLESHOOTING CONDUIT CIRCUITS 



OBJECTIVE 



This study guide is to help you become familiar with the types of troubles you will 
find in conduit wiring systems and the procedures for locating and correcting them,^ 



INTRODUCTION ... 

Troubles in an electrical system are generally caused by careless construction, 
lack of maintenance, misusr of tfie sytem, thoughtless and careless acts of the occu- 
pants, and age of the system. One of your responsibilities as an electrician will be 
to troubleshoot electrical circuit systems. 

Since troubleshooting of an electrical circuit can vary- with the type of system, 
voltage appljed, use of the system and many, many other variables, this study fcuide * 
cannot cover all possibilities/ • ^ 

INFORMATION w 

1* -TROUBLESHOOTING CONDUIT CIRCUITS 

As you learned in Block II there were three basic circuit problems: (1) opens, 
(2)- shorts, and (3) grounds. These' problems remain basically the same no matter 
;what the tffre of wiring installation. In conduit systems many of these troubles are 
caused by improper installation of conductors in the condrtL As an example, insu-\^ 
lation stripped or conductors broken. Because of the physical protection conduit 
allows, the system is relatively free of trouble after it is installed. -The other con- 
ditions that cause breakdown, other than improper installation, are heat, age, and 
moisture. Procedures for troubleshooting a conduit wiring system are the same as 
for an NM cable system except that a conduit run is a grounded system. When called 
on to troubleshoot any wiring system, information from the person that reported the 
trouble will often save you valuable time and trouble. 

„ SUMMARY 

Troubles are classified as opens, shorts, and grounds. An open is a circuit that 
is not complete, or has no continuity. A,short is where tw6 conductors of different 
potential are touching, and a gi#und is when a conductor is making contact with ^ mo- 
tor frame, appliance, conduit, etc* A logical sequence and commoif sense will be a 
kev to how long it wil^take to troubleshoot a circuit. 
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APPLIANCE MAINTENANCE * 

OBJECTIVE • * • 

A thorough study of this text will hfelp you become famiUar with wiring diagrams 
1 ami specifications for electrical kitchen equipment, methods of testing and isolating 
electrical malfunctions and determining the extent of necessary repair. 

INTRODUCTION ' 

* / • 

This texl covers the electric heating and cooking equipment ordinarily used in do- t 
mestic quarters, hospitals, and dining halls on Air Force installations. Although the 
types of equipment used may vary Ufe basic operating parts of these appliances such as 
'the heating elements; switches, motors, and thermostats are the same. There are 
three basic types kitchen equipment; element heated, 'motor driven, and a combina- 
tion^ both motor driven and element heated. 

INFORMATION 

APPLIANCES „ 

Range ^ 

Surface elements of ranges cook food by, conduction^ heat from the surface unit to , 
the utensil- Each surface unit is controlled by a switch having three or more heat 
positions. 

Ovens n, 

» 

Electric ovens cook food by radiated and convected heat and are thermostatically • 
controlled to maintain even temperatures- In addition to the thermostatic controls, 
most ovens have a lower and an upper s\vi,tch -controlled heating demerit to obtain 
various heat combinations^ < 
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TEMPERATURE RELIEF VALVE 



'NAXE plate 

^THIN WALL RIGID CONDUIT 

INSULATION BLOCK 
UPPER THERMOSTAT 



BAKELITE SEALED-IN 
CALROD UNIT (UJ»PER> 



THIN WALL RIGID CONDUIT 



STEEL HOUSING 



lower Thermostat 



BAKELITE SEALED-IN 
CALROO UNIT (LOWER) 

PROVISION FOR 
SEALING COVER 



TOE SPACE-3 INCHES DEEP 
DRAIN COCK 



CONCEALED OUTLET BOX 



COPPER HOT WATER^TRAP 

SW^T TYPE FITTINGS 
(RED BRASS) 

HOT WATER OUTLET FASTENED 
RIGIDLY TO CASING % INCHES 

TRIM PLATE 




ROCK WOOL INSULATION 



-4^ GALVANIZED TANK 
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BAKED ENAMEL FINISH 

COLD WATER SUPPLY 
%-INCH PIPING 

PRESSURE RELIEF VALVE 



ALL WELDED BASE 
CONSTRUCTION 
4-INCH BASE 



Figure 44. Twin Unit Water Heater and Wiring Diagram 



Water Heaters t - ' ^ 

Electric water heaters have a^storage tank> one or two heating elements , insulation; 
shell and one or two temperature controls. The heating elements deliver ^at directly 
to the water and each element^has a thermostat usually located just above it. as illus- 
trated in figure 4V The average temperature setting of the control is 150°F. the most 
desirable water temperature for all purposes, . > 



Toasters 



r 



Bo(h domestic and commercial toasters have a toasting chamber with heating, ele- 
ments ^which heat the bread by radiation. Domestic toasters are usually operated manu- 
ally by a switch or time mechanism: commercial toasters are usually operated by a 
"mbtor-driven chain conveyor. 

Coffee Urn 

Coffee urns have two compartments, In inner coffee brewer and an outer hot water 
jacket. The immersion type Keating element heats the water in the jacket which in turn 
heats the brewer. Heat is regulated by a thermostat or a three-heat switch providing 
^e^medium, arid- high temperatures/; * 

. .CONNECTIONS 

• Kitchen equipment is connoted to a source of power by one of two methods: 
permanent and temporary. Temporary connections are made by means of a flexible 
* cprd attached to a male plug and connected or plugged into a*wall outlet. A temporary • 
c6nnection is usually made on low voltage, portable equipment. Permanent connections 
are made by wiring the appliance directly W a junction box of the power circuit. Pf 
permanent connection is usually made on lstrge, high* voltage, stationary equipment. 

'Appliances usually have'manuals or information sheets showing wiring connections 
. and diagrams. 9 * ' 

ELEMENTS 

Heating elements are of the open and enclosed types. Th^^element usuallv con- 
sists of a high resistance nichrome- wire. \ 

Types of Open Elements 

The rod-and-coil type heating element, * ' 

* as shcfwn in figure 45, is used in bake l|A0 ^ m 

ovens, roasters, und space heaters. fii > 
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Figure 45. Rod-and-Coil Heating Elements 
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Suspended coil heating elements are 
supported by porcelain insulators and 
used in ismail ovens and space heaters. 



Ribbon type heating elements, usually 
wrapped around a mica insulator, are 
ordinarily used in small appliances such 
as irons, toasters, small heaters, etc. 

Types of Enclosed' elements 

Enclosed tubular units of the surface 
cooking, type, as sfiown in figure 46, are 
used on domestic ranges and some 
commercial ranges. The resistance wire 
is surrounded by an insulating powder and 
covered by a copper tube. 
Types of Enclosed Elements 

The immersion type unit, as shown 
in figure 47, is ordinarily used in water 
heaters, commercial fry kettles, and 
sterilizers. Immersion type elepents 
must be constantly Submerged in liquid ' 
to prevent damage. 



The cast-in units ha,ve the tubular 
coils described. above cast in iron. The y~ 
are designed tp withstand Jhe abuse of - 
heavy cooking u teiisils. Heavy duty ranges 
are equipped with cast-ur units. • , . 
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Figure 46, Constructibn of Typical 
Tubular Heaung Element 





Figure 47. Immersion Type Unit 



MOTORS 

s Appliances that require ordinary alternating current motors for their operation 
such as meatslicers, potato peelers, dishwashers, grinders, etc., Are numerous on 
Air Force installations. Often an appliance is elenient hSated and also requires a 
motor for operation. 

CONTROLS 



Switches - ~ * ' ° 

The toggle switch witrf an ON-OFF position is used to make and break 'the clectrx 
circuit on many appliances. Rotary switches have fast make-and-break action. The 
current 'is interrupted ahead of the make-and-break of the switch contacts,/ eliminating 
the usual pitting and Burning 'of contacts. The rotary .switch requires very little - 
maintenance./ ' . - . # 

On some large appliances such as 220-voit cotfeStafns arid ranges,a magnetic 
switch is used to control power to the heating element. •# • . 



Temperature Controls 



- The basic function of all temperature controls, for heating ami i-ookitu: equipment, 
ts tunuuu the current on and off .is required to maintain the desired temperature 

The bimetallic blade control is operated 6y the expanding and contracting effect 
caused by heating two pieces of dissimilar metals welded together. A similar type is 
used in such appliances as irons and portable coffee makers. 

Two other types of temperature controls are the helix control and hydraulic control. 
The helix control is operated by a coiled thermostatic metal that coils and uncoils when 
heat is applied, operating a switch to make anci break the electric current. .The hydraulic 
control is operated by expansion and contraction of a liquid in a bulb causing diaphragm 
or bellows to activate the switch mechanism of the control. 

Timers 



The timer is used to automatically control a circuit to an appliance or give a warning 
to the operator that a predetermined time has lapsed. Figure 48 shows a typical wiring 
diagram of an electric range single-pole oven timer. 
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Figure 48. ^Typical Oven Timer firing Diagram 



. • * TROUBLESHOOTING AND REPAIR 

A defective appliance*should first be inspected visually. Multimeters are indispens- 
able* devices in testing electrical circuits of appliances if the visual inspection fails to 
analyze the trouble. 
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Motor-Driven Appliances 



The three main sources of trouble in motor-driven appliances are the power con- 
nections, ..switches and motor field windings, pheck all power connections for a bad 
\u\\W phm, broken or shorted flexible corei and l6ose or dtrty connections. Check the 
Awilrh for a broken ruse, making and breaking of the contacts, and loo^an? dirty 
connections. 
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Check the motor for opens, shorts, and grounds if it is inoperative. Tighten all 
loose connections. Clean all dirty connections, ff the motor cannot be readily repaired, 
install a substitute or replacement motor. 



Heating Elements 

Check heating elements for continuity by using a multimeter. Check all connections 
and switches for continuity. If an open heating element becomes oxidized or brittle, 
replace the entire element. If the element is fairly new or a replacement is f not readily 
available, repair it by one of the following methods. Repairs are only temporary and 
replacements must be ordered, to replace the repaired element. 

Braze with silver solder the broken 
ends of the heating element wire using a 
suitable flux as show in figure 49. 




Insert broken ends in a split-washer as 
shown in figure 50 and pound flat, making 
sure that a solid connection is obtained. 



Figure 49. Brazing Broken Ends of 
Heating Element Wires 
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Figure 50. 'Split -Washer Method 
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Nichrome sleeves are available to 
fasten, the ends together. The sleeve should 
be flattened out to insure a solid connection ^ 
as shown in figure 51, 

Inclosed units can sometimes be 0 
repaired by stripping the sheath of the ' Figure 51. Showing Use of Nichrome 

heating unit and welding or brazing a Sleeves 
new terminal to the lead. ' * , 

Switches and Controls , ° 

Check switches and controls for making and breaking of contact with ohmmeter. 
If the switch is ON, the ohmmeter should read M 0. " 

New switches are usyaliy so" inexpensive that repairing an old one is npt economical. 
The contacts may be reformed as a temporary measure to insure a positive contact for . s 
completing the electric circuit. Lubricating the contacts and spring mechanism with — - 
nonoxide grease reactivates switch operation. ■ 

Repair of tfie bimetallic blade control is "limited to an adjustment in the temperature 
setting of the control to agree with the temperature recorded in the appliance or equip- 
ment being tested. Temperature of equipment should be tested by a reliable temperature 
tester or a good thermometer. 

Repair of the helix control is limited to adjustment of temperature setting of the 
control to agree w>th the temperature recorded in the appliance or equipment being 
tested. If the control cannot be adjusted, the tomplete control assembly must be 
replaced. * -s 

< 

Timers ^ g 

If a time^ fails to operate, use the following procedures to locate the "trouble. 

V 

1. Test electric ^circuit for blown fuse. * 

2. Chec£ for friction between hands of timer and timer fcrystal. 

V 3. Check all wire connections. To repair the inoperative electric timer, 
* perform the following: 

a* Replace blown^ fuses with fuse of -proper rating. 

b. If rotor is inoperative replace complete rotor. 

c. If field, coil is.burned out, replace complete obil assembly. 



d. Repair timer switch assembly by cleaning contacts or reforming the 
contact arm tor insure positive contac^ If contacts show excessive wear, 
replace switch assembly. 
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e. If- hands Qi timer are binding on crystal, re-form hands to eliminate 
the conditioif 

4 * 

f . Check all connections at back of timer for positive contact to insure 
a*cdmpleted circuit* * v \ , 
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SUMMARY 

Electrical kitchen equipment is connected to a source of power bv the permanent or 
temporary method. Temporary connections are usually made on low voltage, portable 
equipment. Permanerft connections are made by wiring the appliance directly to a ' » • 
junction box of the power circuit. " Y*V, 

Heating elements are of the open and enclosed types* The~element usually consists 
of a high resistance nichrome wire. 

Most kitchen appliances have ordinary toggle switches to turn on the electrical current 
to heat the element or start a motor; howeyer, some appliances employ a rotary switch 
that has a fast make-and-break contact action. Most heating and cooking equipment have 
temperature controls to maintain the desired temperature. Timers are used to control, 
appliances at a predetermined time. 

The first inspection of an appliance should be made visually. Motor-driven 
appliance troubles are usually located in the switch, connections, or the motor field 
% windings. If a motor cannot be readily repaired, replace it. . * * 

Heating elements can be repaired by brazing, using a split washer or nichrome * 
"""sleeve if it is not oxidized or brittle; otherwise, it should be replaced. 

k 

Switches are usually so inexpensive that repairing an old one is not economical. 
On most temperature controls the? temperature setting can be adjusted to agree with / 

the actual temperature of the appliance. 4 

*■ . . <» . - 

Wiring on the interior of a heating appliance has a fireproof insulation such-as 
asbestos. ' * # • 

QUESTIONS 

» ■» 

1. ' What is a heating element? * _ ^ 

\i' ■ 

2. Name two types of elements* . • * 
, 3. What tyto kinds of power hookups are used on mess equipment? 

4. Name three kinds of switches used on mess equipment. 

5. What is meant by mo tor -driven, element-heated, and combination appliances? 



6i Give an example of a motor-driven, * element-heated appliance. 

7. What equipment is ?fsed in testing an appliance? * 

8. List three methods of repairing a heating element. 

9. What is the first step in troubleshooting an appliance? 
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* * ' ^PUBLICATIONS 

OBJECTIVE . ' 

Tms unit of instruction is to provide guidance in the use of technical orders, and 
standard and commercial publication?. 

EQUIPMENT AND SUPPLIES • Basis of Issue 

SW 3ABR54230-1-EI-1 1 /student 

Limited Technical Order File fc • v < . ^/students 

Project Cards , 1/student 

PROCEDURE * , 

Project 1 

1. Coorjiitete the following sentences or supply information* as requested. 

a. AF publications are divided into 2 classes, a nd * 
- ' * * , and each class contains several categories. 

b. List the 4 categories of publications and give examples if applicable. 

« _ . . -: i 



(a) . 
« . 

(2) 



(a) 



(b) ; . • ■ » 



(c) 



/ 



c. The "types of TOs are as follows: ^ 

(1) : 

(2) J 

(3) , Z- 

(4) ■— 

(5) '—— 

. (6) 



_/ 

(7) • : 



d. Detailed information for the operation, usage, maintenance, inspection, 
installation and overhaul of equipment can be found in — < 



e. . -j 

instructions for accomplishing or rt 


cording one-time changes. 


f . The types of Time Compliance Tech 


1 * ' 

Orders are as follows: 




i ' '* • 


(2) : : 1 _ 




W 


* 


(S\ 





e Methods and Procedures Type Tech Orders provide information and 
' -Instructions for , , and personnel. 

h. Why are Index Publications needed? , 

i. The types of Index Publications are: 

(1) ' 

(2) ' , * — • 

(3) — 

" (4) , , 



From the Cartl No given to you from your instructor,. complete 

the following chart. : 



PROBLEM 
NO 


1 1 1 

V ANSWER 


1 


f : ■— 


2 


• 


3 . 




4 




5 




6 




7 


< 


8. 


« 


9 




10 


■ ' i i : 1 ■ 



From the Card No given to your from your instructor, complete 

the chart below. 



PROBLEM 
NO 


ANSWER 


1 


> j 


2 




' 3 


/ 


4 




5 




6 




7 


1 < 


8 




9 1 


C v * 


10 





Locate TO title in the indexes from another card assigned to you by your instructor. 



Card Number 



PROBLEM 
NO 


TO TITLit* 

_j -* ■ 


1 




2 


— "s. : 


3 




4 


. : : i 


5 . 




6 * 




7 




8 




9 


• 


10 


: ■ ^ 



5. Have instructor check workbook and sign. 

Checked by 

REFERENCES 

1. AFR0-2 

2. TO 00-5-1 > 

3. National" Electrical Code 



(Instructor^ 
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POWER TOOLS # 

OBJECTIVE 

When you have completed this workbook you should be* able to: 

1. Index and drill holes in Apiece of metal stock using a drill press. 

2. tiress metal stock us|ng'a bench grinder. 

3. . Drill holes in metal stock using a portable drill. 
EQUIPMENT AND SUPPLIES 



WB3ABR54230-1-IH-2 
DrlU Press - * ' 

Drill Vise 
Bench Grinder 
C-Clamp 

Portable Electrical Drill 
Safety Goggles 
Handtools 
(Metal Stock 

Assorted Twist Drills - 



Basis of Issue 

1/ student 
, 8/ students 
8/students 
8/students 
8/students 
2 students 
1/ student * 
l/student> 
1/student 
1/student 



PROCEDURES 



Project 1 



You are to perform this project step by step. The equipment you will be using 
demands respect. It can.be very dangerous unless used properly. The instructor 
should be consulted as indicated. , 



Step one 



The ^instructor will issue you a piece of flat stocK^Put on your safety goggles, 
button your collar and sleeves.. Use a center punch and hammer to mark the center 
of the stock. Have your instructor check your work. 



(instructor) 



Step two „ # 

1. Position the stock in the drill vise and tighten $S yise securely. 

2. Have the instructor check the drill press to assure proper speed. 



Step three v 

1. Select a twist bit of the size specified by. the instructor : . 

/ » 

2. 7 Secure the bit in the chuck using the chuck key. 

3. Set 'the proper drill depth by operating^the spindle handle down to where the bit tip 
* is barely past the stock and 'adjust the stop nuts to that ntint. 

4. Center the index mark under the bit by lowering the bit and moving the vise until 
the two points coincide. Lock the vise to. the table with a C clamp. 

Step four \ ^ * . ^ 

1. Plug iji th,e drill press but'DO NOT turn it on. 

2. Have the instructor dheck your setup' ; j 

' Step five ' ■ f 

Read all of the instructions on this step before beginning to n drilL 

1. Start the drill press. . v * 

2. Use light, steady pressure. t 

3. Raise the bit after the first light cut to assure you are drilling the index mark. 

■ <h - i 

4. Back off pressure when you feel the bit go^hrough the stock. | < 

& * 

5. Stop the driU. 

T 

Project 2 

To provide you wittf information on^hat safety checks to perform before and .after 
using the electric bench grinder,' and also to give the operating instructions. You are 
to dress the edges of the metal stoctfby grinding onHhe b$nch grinder. Use these 
steps. 

Step one, Safety Checks * * 
* 1. Remove all jewelry while working on or aroundfelectrical operated machines. 

2. Keep area floor clean and dry. , 

« i 

3. Observe all safety ^precautions. y 

4. Keep all loose Clothing away from wheel. 



Step two, .Preparation for Operation 

1* • Check for loose or frayed wiring in powei; cord to grinding machine* 

o 

2. * Face shields are no ^damaged, „ - 

3. Safety gogglets; are available. 6 

4. Coolirtg water is available if grinding stock is overheated. 

5. "Check the wheel clamp nuts, which secure the grinding wheels on the rotor shaft, 

for tightness. * 

6. Check position of the tool rests in reference*to the grinding wheels tp make sure 
that they do not touch the wheels. The tool rests will not be used more than.one- 
eighth inch from the grinding wheel. If necessary, loosen the hex-headcapscrews 
securing the tool rests to the wheel guards and reorient the tool rests. Tighten 
the hex -he ad caps crews. » 

» # 

7. Loosen the hex-head # capscrews securing the eyeshields to the wheel guards and 
position the shields as close as possible .to the grinding wheels, but hot touching 
the wheels. Tighten screws. . v 

8. Cheek to insure that the power source is correct and-that the ground connection 
is securp. . • 

9. Put eye goggles on, 1 

10. After the operation, make sure the wheels have stopped rotating fefore leaving 
the grinder. ^ * 

11. *Have the instructor check $etup 

Step, three , • 

Operating Instructions . *' / 

Place the toggle switch in the ON position. Hold the item to*be ground firmly on 
the tool'rest and against ther grinding abrasive wheel, Stfcwiy move item back and forth 
on the wheel with steady, even, pressure. Do^not hold the item in one spot^on the grind- 
ing wheel or apply excessive pressure. Keeping the item stationary on the wheel will 
cause the wheel to'be worn do^n unevenly. Applying the item ta the wheel with exces- 
sive pressure will result in^ihe item being burnt and discolored. Use the coarse grain 
wheel for heavy work which requires tti^ removal of a considerable amount of metal. 
Use the fine grainwfceel for light work and when'a smooth finish i£ retired. 

Step four ' aji • t 

Shutdown.procedure 

i ! ' * - " \ m 4 . • • 

1. ' Remove grinding stock from tool rest 

2. Tiirn off power switch. 1 



(Signature) 



Step .five 

Postoperative check. ' 

1. insure that power cord is unplugged and stored. 

2. Area is cleaned of grinding waste material. 

3. Grinding wheel is serviceable and not cracked. 

■* . i 

4. Have instructor check the work and sign this worksheet -- . a 

(Signature) 

Project 3 

follow this projectstep by step. CAUTION: Portable drills can be dangerous 
if abused or misused. -Use .care when operating. 

Step .one 

The instructor will issue you metal stock. Locate and index the point to be drilled. 

Have your instructor check the work . 

(Instructor) 

Step two ' - * . * 

9 l. s Clamp the stock in a vise. Put on your goggles. Button your collar and assure 
v that no loose clothing can catch in the work. 

2. Select the correct twist drill size as indicated by your instructor 



lSize5 

3. Place twist drill in the drill chuck and tighten with a chuck key. 

4. Plug in pprtable drill, DO NOT OPERATE UNTIIi TOLD To\)0 SO. Call your 
instructor < - ' . • • 

• " "(Instructor) - ^ 

Step three • * 

Read all instructions .before you start this step of the project. 
1; Align the twist drill tip with the index mark.^ 

2. ^Start the drill and engage lightly to the metal stock and make a light cut. 

3. N Stop the drill and assure that you are cutting on the inde* mark. , ' s • 

4. Start the drill, drill the metal stock using moderate pressure" / K 

5. When you feelihe drill bit going through the metal reduce the pressure. 

. 6. When the drill has penetrated the metal, withdraw the dr^ll bit and turn off the 
.drill. 5 Unplug the drill £nd remove the drill bit. ' , 
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CONDUIT TOOLS, TERMINOLOGY, AND MATERIAL 



OBJECTIVE . ' 

When you have completed this workbook you will be able to: 

•1/ List the name and use of conduit tools, 

2. List the definition to conduit terms. 

3* List the name and use of conduit^naterials. 
EQUIPMENT AND SUPPLIES 

WB 3ABR54230-1-III-3' 
PROCEDURES 



Basis uf Issue 
1 /student 



Project 1 

1. Match the terms listed on the following page with the definition by putting the 
corresponding numbers in the blanks. Use the NEC. 




. TERMS * 

a. Connector 

b. Fitting 

c. Service raceway 



d. Device 

_e. Raceway 

f. Weatherproof 

g. Appliance 



h. Isolated 

i. Switchboard 



J. Ventilated 



' DEFINITIONS 

1. Rigid metal conduit, clrctnr.ii metallic 
tubing, or other raceway, that encloses 
the 3ervice entrance conductors 

2. 'An assembly of panels containing over- 

ctfrrent devices 

3. A unit of an electrical system winch is 
intended'to carry but not utilize electric 
.energy 

* 4. A^annel for holding wires or busbars 

5, An accessory suc)i as a locknut, bushing, 
or 'other part of a Wiring system which 
is inteitded primarily to perform a 
" mechanical rather than an electrical 
function 

i 6. Thermal protection 

♦ 

7. A device which establishes contact 
* between two conductors without use of 
solder * 

J, 

,An object not feadily # accessible to ' 
persons unless special means for access 
are used , 

provided with a means to permit 
circulation of air sufficient to remove 
an excess of heat, fumes, or vapors 

Protected from exposure from the 
weather s 



8; 



9. 



10, 



11. Utilization equipment 



2. Have instructor check*work and sign. 



.Project 3 • 

• * * 
After EMT (electrical metallic tubing) is cut, it must be reamed to prevent 
damage to the conductor insulation. The tool most commonly used for this 
purpose is the ; \ - , : — 

When iocknuts are used to fasten EMT to a box, the locknuts are tightened \jjth 

/ 

: 1 / 

When connecting two pieces of EMT together, the proper handtools to use are 



The handtool picfarfedisVaile d 

When working ^with condifit they are used to_ 




From the tools pictured below*, select the proper tool forvcuttin'g EMT. 



For cutting rigid conduit. 



For cutting SMR (surface met^l raceway)_ 



The bf st tool for forming germinal loops on Conductors 




are 



From the iUustrations^elow, select- the measuring tool most commonly used in 
conduit installation. * * ^ 

i — ; ^ptp , 





14 
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- • CONDUIT WIRING 

OBJECTIVE s - • . " 

When you have completed this workbook you will be gWe'to: 

i * * • * . * 

1. Complete statements pertaining to conduit cut, ream, thread, and bend rigid 
conduit; cut, ream and bend electrical metallic tubing. 

2. Install a single-phase conduit service entrance. I ' 

3» 'Install a ceiling light, single.-pole switch, and duplex outlet, 
4* Install a ceiling light controlled by two three-way switches, 

5. Add a four-way switch to control a light from three positions, 

6, Install a fused disconnect to«a main panel. < < 



•7. Install a' 220 VAC receptacle. 



0 



^EQUIPMEN'I^^'S^PLIES - 

WB 3ABR54230-1-HI-4 - 
National Electrical fc&d* B&o£ 
Pipe Vise 

Handtool Set • * 

Codduit Tools • 
Wiring Booth 
Materials (Misc) 
Hickey Bender 
EMT Benders 
Fish Tape 



J- 




Basis of Issue 

^ 1 /student" 
• 1 /student 
T" 1 /student 
c - ^/student < 
.1/student 

\ & iysK^§«t 

,1/studeij^ 
* . 1/stVident, 
1 /student * 
* 1 /student 



PROCEDURE 



Px£|ect 1 



1. Using Jhc NEC com^^te^tljjp following staltfrncni* 

2. Article 346 of the^EC is^LABELED * 

3. The minimum size of rjigid conduit i§ 

4. All cut. end? of conduit shall be \ 



\ r 



/ 



5 # The purpose pf a bushing is to ; 

8. The maximum degrees A bends in a run is _ 



9 



17 



7 # Rigid conduit will be supported j_ feet from each tfox ;md every 

feet thereafter. 



8. Article 348 of the NEC is LABELED [ . • 

9. Article 350 of the NEC is LABELED • 

10. You have just completed some statements using the*NEC, it is your guide for 
electrical wiring. 

Project 2 ^ ^ f * $ 

This project will be accomplished step by step. Have your) instructor check where N 
indicated. • 

Step one - 
Select.a piece of 1/2-inch rigid conduit and nfark ll for bending an eighl-inch stub. 

Hav^your instructor check your wefrk ] 

~ (Instructor) 

. X " ' * ■ 

Step two ' 

Make a 90° bend in the conduit without kinking, flattening,or reducing the inside 
diameter. 

Step three " 

Using the pipe vise and pipe cutter, xut the conduit 12 inches behind the bend. 

~N - . " — 

Step four } 

* Use the conduit reamer and rejqrthe conduit. 
Step five 

1. Select the correct pipe^ie^and stock, % 

2. Assemble the stock and .die. . \ 
3 # Slip the die oW the conduit as shown in figure 1. 




J 



Figure l # Slipping Stock Over Conduit 



Turn stock with one hand' and apply forward pressure against stock with other 
hand until die begins to cut thread^ as shown in figure 2. 




Figure 2. Turn Stock Applying Forward Pressure 

CAUTION: During cutting, apply thread-cutting oil to threads, die, and conduit 
ev.ery two or three turns, as shown in figure 3. This will prevent damage to pipe 
threader* 




Figure 3i Apply Oil to*Threads 



19 



24 



3 



5. When the threads are cut to the correct len&h, reverse the stock ratchet latch 
and turn the die off the conduit. 

\ 

CAUTION: Remove the conduit from the vise. 
Step six 

/ 

Call vour instructor to. check your work 



Instructor. ~ 

Step seven " » ^ , 

Clean the area and store the tools. ^Return the unused conduit to the stack. 

Project 3 

Follow this project step by step. Call the instructor as indicated. 

Step one * 

1. Select 1/2-inch EMT conduit and correct EMT bender.- 

2. Mark the conduit to provide a 10-inch stub when completed, ' 

3. Have the instructor check. your marks 



Instructor 

Step two 

1. Position the bender and make a 90° bend in the conduit without Unking, flattening, 
or reducing the inside diameter. 

Check your bend to assure a 90° bend. 
Step three 

1. Using the pipe vise and a fine toothed hacksaw,^ut the conduit 14 inches behind 

the bend. , 
2 Ream the conduit using either a reamer, pliers <}r a rattail file. 

Step four j - 

Remove the conduit from jthe vise, clean the area, store the unused conduit. 
Clean* and store handtools! Have^the instructor check your work and sign this work 



project - « 

(Instructor) % 



.?0 . 



Project 4 , £ 

Procedures for bending a pipe saddle to conform to installation requirements. 
Step one 

** • 

Cut and ream one piece of 1/2-inch EMT ftv^eet^long. 

' 9 

Step two 

Mark conduit 22 inches from one end. 
Step three 

From the«22-inch mark make a mark 2 1/2 times height of object to be crossed 
(2 1/2 x 3 =* 7 1/2 inches) on each side (right and left). Make. these marks all around 
conduit. 

Step four • 

Using a 1/2 -inch EMT bender, place the 22 -inch mark exactly over the top<point 
of the star. • 



Step five 



Using steady pressure, bend the conduit until the bottom lines up with the 45 de- 
gree mark. ' , V 

Step six * ^ ^ , 

Hxtve the instructor check your work/ 



JfStep 



seven 



With the beqd inverted and placed m front of bender, line the 7 1/2-inch mark on 



the tip of the arrow. 

». 

Step eight t 

Using steady pressure> bend the conduit until the bottom aligns with the 22 1/2- 
degree mark on the bender. 

Step nine « 

* * * 

Remove conduit and turn it around so that all bends are placed in front of bender. 
Place the second 7 1/2 -inch mark on tip of arrow. , 



Step ten 



Align the conduit so that the^crown of the 45-degree bend is down and perfectly 
vertical.' * 



Step eleven ' # O^/ fa . * 

Using steady pressure, bend the conduit until the bottom lines up with the 22 1/2- 
degree mark on the bender, , * 



Slop* wive ; 

, ki'iww conduit from bender and check with the conduit placed over Iho 3 -inch- ' 
object. . It should clear object, and both ends should be flat on floor. If object is 
cleared and enls point up there irinore than 22 1/2 degrees. If ends do not lay flat 
<bn the rfoor, thereto not enough in the 22 1/2 degrees. If there is not enough to 
clea^fae object, more 45-degree bend is necessary. . 

Step, thirteen . 
Clean up the area and store equipment. 

- Checked by 



(Instructor) ~~ ~ 
. Project 5 

Procedures for bending a gooseneck bend to conform with 'installation requirements. 

Step one & 

Cut and ream 1 piece of 1/2 M EMT 5 feet long, * 
Step two • • " 

From one end oi the conduit/ metsure and mark the length of the stub (8" c in this 

case). • - 

» * * 

Step three ^ t 

From the stub length measure' ba'ck toward end of condtut and mark the amount of 
~ takeup retired by We bender (5 ' for 1/2" EMT). You' now have a mark > 3" and ff ' from 
the end of the conduit. The second mark (5" from the first mark) should be made com- 
pletely around ihe conduit 1 r * - 

> * 
/Step four ✓ # 

With the conduit on the floor, place the 1/2" EMT tfender over it so the handle is 
in the air and the conduit is in the groove of -the bender. * - 

p .. *. * « 

Step five ' ^ ^ 

Aiign the tip of the arrow oh the bender with^the second mark*you make on the 
conduit ♦ * c * 



Step six 

Place one foot on the conduit approximately 18 inches from the bender and the other 
toot on the^el of the bender and press firmly while drawing the bender handle toward 
the tioor until the end of the conduit is bent vertical (90°) to the floor. *• 

Stop Steven K * 

With the bender removed, measure from the floor to the tip of the vertical piece- 
of conduit. * See .figure 4. This should measure 8" plus or minus 1/4". Have instruc- 
ts - 

tor check this work , . '_' 

" ~ (Instructor) 



STUD 



1/2 CONDUIT 




Step eight 



Figure 4 



Lay th^conduit flat on Che floor and measure approximately 8" from the end con- 
taining the bend toward the long end of the conduit and 'mark around the conduit. See 
figure 5. <' x 




8" 



Figure 5 



23 



Step nine * 

For a 5" offset measure (1. 5 x 5 * 7. 5) 7. 5" from the 8" mark just made and mark • 
around the, conduit. 

Step ten 

With the handle of tKe bender on the floor, place the conduit in the groove with the 
stub in front of the bender and pointed toward the floor. Using the handle of the bender 
as a guide, align the conduit for bending. * ^ 

Step eleven * 

Move conduit until the first. mark aligns with the arrow tip. 
Step twelve 

With steady pressure, bend the conduit down until you have a 45° bend. 
Step thirteen 

«• 

Move the bends already made forward out of the bender until the arrow on the 
bender is opposite the second mark. 

Step fourteen 

Turn the conduit until the stub is pointing up. Align this stub vertically by sishtins 
down the conduit. u' 

Step fifteen • 

Apply steady pressure and bend the conduit to the 45° mark on the bender, The * 
straight portidns should now be parallel. 

Step sixteen * 
After checking your work have it examined by the instructor 

(Instructor) 

Step seventeen 

Clean up area and store*equipment. ' 



A/9 



* Project 6~ 

You are to complete this project in steps* Read the instructions carefully. Be 1 
sure to Jiave.your instructor check your work where indicated before proceeding. 

Step one 

«* * 
Observe the drawing in figure 6, You are to install a service entrance/ Make a 
bill of the -materials you will require. Have^the instructor check your bill of materials 

before proceeding - 

(Instructor) 

Step two 

Assemble the service entrance. Have the instructor £heck your assembly 



Instructor 

Step three 

Install the service entrance components. Have the instructor check your work 



Instructor 

Step four 

» * *• * 
Connect the service entrance. Have vour instructor chock your work 



~ Instructor ~ 

NOTE: DO NOT apply- power until told to do so by your instructor. 




Figure 6. Installation of Service Entrance 

NOTES: 

1. Service will be 120/246 volts 10. 

2. Disconnect will be installed at predrilled <hole. 

3. Disconnect will be bonded. 

4. Ground will be connected to ground electrode. 



f 
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' ^Project .7 

Follow thus projetT step by ?tep. Observe all safety precautions. Call the in- 
struct or when indic ated. * x 

Step one 1 * ' 

1. Studv the blueprint drawing for this^projeet, figure -7. 

tr 

2. Make a list of the tools and materials that you will need to complete this job. 

TOOLS ' MATERIALS 



3. Have your instructor check your list 

27 



(Instructor) 



PANEL- 
BOARD 



DISCONNECT 



CONDULET 

DETAIL OF \ 
INSTALLATION ■ 



3/4 C-3#IOTW 






EXISTING 
OUTLET 



NOTES: 

1. 
2. m 
3. 



Figure 7. Panelboard Installation 

Service entrance and disconnect are existing.. 
Panelboard will be 10 120/240 volt. 

Panelboard will be surCace mounted on existing plywood finish. 



4. Conduit run will be parallel to the floor. 

* * * * ,» * 

Figure '8. Existing Outlet to be Hooked Up After Panel is Installed 



28 
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t Step two - 

* ' f 

1. " Locate your circuit breaker panel. This jJanel should be level and firmly secured 

to the structure so that the conduit run will be parallel with the, floor. 
» -* >C 

2. Measure the distance from the main to the circuit breaker panel and determine 
> . I In* amount of EMT conduit required. • , 

Slop thn-f » * ' 

» 

t. Select your conduit 3/4" EMT. 

.2. Measure and mark the conduit to provide for all required bends in th6 run of 
4 conduit. 

Step four ^ t 

1. Make your required bends for the conduit run. # 

2. Cut the conduit to length. 

3. Re^m the conduit. - 

V 

# e 

Step five 

* w <f 

1. Select the correct fitting to secure the panels together and to secure the conduit 
to th? c structure. - * • 

2. ' Assemble Che fittings to the conduit and install the conduit run. r ' * 

3. Secure the panels together and the conduit to the structure. v 

Step six * # ^ ' * . 

A. Select the' correct conductors for the circuit, t > 
2. Cut and install the conductors'. * v 

C ~Z* Connect the conductors in the panels. 

4. Hook ud the existing outlet. 

5 # H4ve your instructor inspect your installation and sign your workbook. 



(Instructor) 



29 » 
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Project 8 

Complete this project step by step. Call the instructor where indicated. Observe 
safety at all times, 

> 

Steppe f 

Study the blueprint provided with this project, figure 8. Draw the equipment and 
supplies you will require* from supply. List the equipment or supplies that are not t 
available, Hav£ your instructor check list 



"7 (Instructor) 



Step two- 



Install the boxes as indicated on the blueprint. Check to see that they are 41) level. 
(2) properly secured to the strufture, (3) set to the correct depth, and (4) set at the 
'correct height. _ , 

Step three e 

Using 1/2" EMT, bend and cut the conduit to fit the runs. (You may refer back to 
previous work projects if you need to. ) -> 

■Step four " 

-Use conduit fittings and assemble the conduit runs to the boxes. 

Step five 

Secure the conduit to the structure. 
Step six 

Refer to your blueprint and'make a single line drawii^J of the.circuits to be in- 
stalled below. Color code your drawing. Have your mstructor 4 check the drawing' 



" * (Instructor) 

Step seven ^ 

Select the correct size and color conductors and puil the conductors into the conduit. 

Step eight ' 1 * 

Use your single line drawing and connect the conductors. CAUTION: DO NOT 

APPLY POWER. Call the.fnstructor . ■ 

(Instructor) 



-J 

Step nine 

Operate the circuit when instructed to do so. The instructor will indicate if the 
circuit operates properly. 

Step ten • u 

Clean up the area and store tools and equipment. • 

* - *• 




NOTES: 

1. Lighting^ ircuit to be run in 1/2" EM^y 

2. Light switch to be 46" from floor. / 

a. Duplex outlet 12" from floor. *^ v 

Figure 8' ♦ 
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v Project § 

Complete this project step by step. Call the instructor where indicated. Observe 
safety at all times. 

Step one 

Study the blueprint provided with this project, figure 9, Draw the equipment and 
supplies you will require from supply. Draw any equipment or supplies that are not 

available. Have instructor check drawings 



(Instructor) 
Step two 

install the tioxes as indicated on the blueprint. Check to see that they are level, * 
properly secured to the structure, set to correct depth, and set to correct height. 

Step three * 

Using 1/2" EMT, bend and cut the conduit to fit the runs. 
Step four ' 

Use conduit fittings and assemble the conduit runs to the boxes. 
Step five < * 

Secure the conduit to the structure, „ ^ 

Step six 

Refer to your blueprint and make a single line drawing of the circuit to be 
installed. Use space below. Have your instructor check the drawing 



"Tins true tori 




^7 



Step seven 

Select the correct size and color 'conductors and pull the conductors into the conduit. 
Step eight 

* * _^ 

Use your single line drawing and connect the conductors. CAUTION: DO NOT 

APPLY POWER. Call the instructor 

- ^ _^ * (Instructor) 

Step nine < ^ • 

Operate the circuit when instructed to do so. The instructor will indicate if the 

circuit operates properly ' 

(Instructor) 

Step ten ' < ; " • 



Police the area and properly store the tools and equipment. 



v 
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. Project 10 ^ 

Complete thirproject step by step. Call the instructor where indicated. Observe 
safety at all times. 

Step one ^ * 

Study the blueprint provided with this project, figure 10. Draw the equipment and « 
supplies ygu will require from supply^List any equipment or supplies that arc not 
Available." Have instructor check list 

{Instructor) 0 



9. 



Step two c 

Install the box as indicated on the blueprint. Check to see that it is level,- properly 
secured to structure, set to correct depth, and set at correct height., . 

Step three 

Using 1/2" E^T cut the conduit to fit the run. 
Step four t 

'Use conduit fittings and assemble the conduit runs to the boxes. ' * 

» • 

'Stp five 

Secure the conduit to the structure. 

Step six * , < 

' Refer to your blueprint and make a single-line drawing of ttie circuit to be installed. 

Use space below. Have your instructor check the drawing t — \ 

„ , (Instructor) 

AM 



Step seven 

Select the correct size and color conductors and pull the conductors into tjie" 
cdnduit. * * 

Step eight - 

Use your single-line drawing and connect the conductors. CAUTION: DO NOT 

APPLY POWER. Call instructor, . 1 

: (Instructor) * , 

Step nine ^ 
Operate the^ circuit when instructed to do so. The instructor will indicate if the 

* circuit 'operates properly ^ 

" (Instructor) „ 

• Step, ten , ^ . 

Police the area and properly store the tools and equipment. 




Project 11 v 

Complete this project step by step. ' Observe safety at all times*. Call the in- 
structor as indicated- in the project. ^ 

Step one t 

" v - 1 - * * 

Study the blueprints provided with this*project, figure 11. 'Make a list and draw 

all the required equipment and supplies from supply. Notify your instructor at any 

materials that are not available*, j^structor will check list 

(Instructor) " 
• * . 

Step two * 

Install the disconnect as indicated on your blueprint. Check to see that it is level, 
at the correct height, and properly secured to the structure. 

Step three 

Use 3/4" EMT, bend and cut the conduit to fit the run. '(You may refer to previous 
work projects. ) : * * 4 * * 

Step four • v w * 

. „ Use conduit fitting and assemble conduit runs to the boxes. t 

Step five - , • * * 

Secure the conduit ma to the structure. ^ 
Step six t 

Refer to the* blueprint and make a <single:line drawing of .the circuit. Color code - 

your drawing. Have instructor check your drawing 

1 I (Instructor) ~~ ~ 

Step seven , * * 

Select the correct' size and color conductor, pull the conductor into th^conduit. 

" /" 

Step eight- , • •. « . ' . . * • ; 

- Use the single-line drawing you have prepared snd connect the conductors. - 

' - • 

*CAtr!n6^ DO NOT APPLY £OWEft/ CalJ the instructor ' : «- 

• (, • • ' / (Instructor) T ~ 

Step ^ ^ . , ;i 

'Operate the -circuit when Instructed. Instructor wiflr indicate correct operation 



Step ten 

Clean up the area.- Store tools and equipment. 



1/2 C-3#I4TW 




NOT KS: , . 

• s 

1. Disconnect is to be«stirface motinted on existing pljfaood. 

2. Discoiinfect circuit is to be run in 3/4" EMT. , . 

; - * • 

^ - - Figure 11 
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Project 12 

Complete this project step by step. Observe safety at all times. Call the in- 
structor as indicated in the project. 

Step one 

Study the blueprints provided with this project, figure 12, /Make a list and*draw all 
the required equipment and supplies from supply. Notify your instructor of any 
materials that are not available. Instructor will check list 



Step 4 two 



(Instructor) 



Install the box as indicated on your blueprint. Check to see that it is, level, at the 
correct height, and properly secured to the structure. 

.Step three * 

Use 3/4" EMT, bend and cut the conduit to fit the run. (You may refer to previous 
work projects,) 

■* 

Step four »."••' 

Use conduit fitting and assemble conduit runs to the boxes. 
Step five 

Secure the conduit run to the structure, jt 
, Step six * # 

• . Refer to the blueprint |uid makfe^a single-line drawing x>f the circuit, Color^code 
yo'br drawing. Have instructor check your* drawing 



^ < ' (Instructor) 

Step seven m . < 0 

• , f # ^ ^ , 

► Select the correct *size and color conductor j pull the conductor into the conduit. 

Step ei^ x 

Use the single-line-drawing you have prepared and connect the conductors, 

CAUTION: DO NOT APPLY POWER, Call the instructor 



(Instructor) 

Step nine , ' * 

*, * * 
? Operate the circuit whep instructed, Instructor will indicate correct dperation 



(Instructor)- 



AO 



K * * 
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Step ten 



Ctean up the area* Store tools and equipment. 



\/? C Will* 




\ 



NOTES: 

1. Range outlet is to be surface mounted on existing plywood in a 4" square box. 

2. Range circuit is to be run in 3/4" EMT. ' 

Figure 12 . 
41 
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Department of Civil Engineering Training 
Sheppard Air Force Base, Texas 

d^RCUIT EXTENSIONS 

OBJECTIVES 

• 1. Answer problems related to circuit extensions, 

2. Install a circuit in surface metal raceway, 

3. Balance branch circuits. 

EQUIPMENT AND SUPPLIES 

WB 3ABR54*30-l-m-5 
Wiring Booth 
Handtools 
Materials \ 

PROCEDURES 

Project 1 

1. Use your NEC to answer the following problems, 

2. Article 352 of the NEC is labeled 



WB 3ABR54230-1-IH-5 
August 1975 



3« Could surface metal raceway be used in wet areas ? 

4. Who determines the number and size conductors in SMR? 

5. Is it permissible to run SMR through a wall ? '_ 



6. Screws i/iside of SMR require what type heads ? 
1j Should SMR be installed in: 

a. Dry locations ? , 

^ b. Hoistways? ' 
c. Hazardous locations? J . 



Basis of Issue 

1 /student 
1 /student 
1 /student 
1 /student 



d. Office areas? 
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Project 2 

Follow this project step by step. Have your instructor check where indicated. 
Step one 

• * 

You are to install a circuit extension in surface metal raceway. This circuit 
extension will carry 15 amps of current. Thebiueprint will indicate which circuit 
will be extended and what it will contain. Figure 13. 

1 # Make £ single-line drawing of the circuit extension with the proper color code. 
Have your instructor check the drawing 



1 (Instructor) e 

2. Make a list of the materials that you will need to install this circuit. Have your 
instructor check your list 

(Instructor) 

Step two i 

1. Install the blank extension 'adapter over the existing outlet. 

2. Mark and align the bases' required for the circuit. 

3. Fasten the bases in place with flat head wood screws of the correct size. 

Step three f 

Measure and cut the surface metal racewaFt'o length. Install the raceway. 

Step four 

Select the correct size and color conductor, then cut and pull in the conductor. 

Step five - ■ 

* * 

Refer to your single-line drawing and make your electrical connec%ns. 
CAUTION: DO NOT APPLY POWER., Have your instructor check your installation 



■ (Instructor) 

Step six * 

Operate the circuit on instructions. Have instructor check tf ^ trocbr )- 

Step seven 

Clean up the area and store tools. 

44 • 



267 * 



«l/2 M C-3#t4TW 




3/4 ,# C 3#I0TW 

l/2"C-'2*M4TW ' ' 

SURFACE METAL RACEWAY 





1/2 C-2*M4T¥^_ 




1/2"C-2#I4TW 

/ wo 



3/4 C«3# 



7^ 



1/2 C-3*14TW 



3/4 Cr3*IOTW 
I/2V'C-2#I4TW\^/ 



if 



SURFACE 
METAL 
RACEWAY 

•EXISTING 
OUTLET . 



Circuit 1 will fye run from exiting flush-mounted outlet* 
Circuit 3*111 be run in surface metal raceway. 



Figure 13 , 
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Project 3 

This project will help you balance your branch circuits. => * 
Turn povyer on to your booth. 
^Turn on main disconnect. 

Tvrn on all branch <^*cuits. r J 

Check out a clamp-on ammeter. , 
* Check 9urretot £raw on e^ch incoming conductor and record below. 
NOTE: Thia check may be, accomplished at the service drip loop. 
Li^#l amps ■ 1. 1 , ; * 



a. 



b. Line #2 amps 

c. Neutral ampe 





Is your branch circuits balanced? ^ 



*« ai^fwer to stop 7 is- W* What is your solution? 



Haw your instructor check your work. 



' (Instructor) 



Department of Civil Engineering Training 
Sheppard Air Force Base, Texas 



WB 3ABR54230-V-III-6 
Augusjt 19?5 



. OBJECTIVE 



.LOW VOLTAGE CIRCUITS 



Install a low-voltage circuit, 4 

EQUIPMENT AND SUPPLIES . 5 

WBSABR54230-l-m-6 1 ' " 

Wiring Booth, * • 

Cdnduit Tools 

Handtools 

Materials 

) "a ' ' 

PROCEDURE ' . ^ t 



Basis of Issue 

1 /student 
K'student 
1 7 shident 
1 'student 
1 /student * 



Project 1 



, , v Complete* this project step by step. Call the instructor where indicated. Observe 
safety at all times, ■ * - e r ' 

Step one #> _ 

Study the blueprint provided with this" project, figure 14. Draw the equipment 
and 1 supplies you will require. List any equipment or supplies that«are not available. 
' Have instructor check yoyr equipment 5 . ' 



\ (Instructor) 



Step two 



Refer to the blueprint and make a 'single-line drawing of the circuit: -Havfc 
instructor check yoinylrawing c * , 



^ • (Instructor) * 

Step three . ' * 

Install^ai) octagon box above the distribution panel in the attic Tor a tran.stormor. 

•"Step four » . " 

- . / • • • 

U^ "1/2" EMT*,bend and cut the conduit to run from thepahel to\octagpn box, I 

Step five > • " >. * * +r 

'* » » • 

Use ^conduit fittings and assemble conduit run to the bqx and -secure, . 
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Step six • ♦ < 

° \ * ' , . . * ' 

< !ftount\he tmzzer abdve she defer and pvishbuttoiJ next to. doorway. 

V 

Step seven - * ' , c V 

Connect 120 volts to primary side of the transformer and mount the transformer 
to the octagon boxusinga round covey with a 1/2 " knockout. • 

Step eight % \ ^ 

Using #1& AWtf bell wire, complete the connections for tjie fow voltage circuit. 
CAUTION: DO NOT APPLY .POWER: Call the instructor. 

Step.nine < * - /- f 

Operate the circuit when instructed. Instructor wiU clujck for proper operation 



r 

nstructor) 



ft 



Clean area and store toojs and equipment. 




SURFACE 
METAL 
RACEWAY 

EXISTING 
OUTLET 



NQTES: 



1. Special Purpose ^ - 120/12V Stepdown Transformer Mounted 
Octagcto Box Cover. i ' 



on an 



Figure 14 



\ 
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Department of Civil' Engineering Training s WB 3 ABR54230jl-ra-7 

Sheppard Air Force Basfe, Texas $ 

TROUBLESHOOTING CONDUIT CIRCUITS . ' 

{. OBJECTIVES * 8 

1. Locate electrical troubles on an energized circuit. ' 

2. Locate electrical troubles on a deenergized circuit. % . , v \ 

3. Disconnect, sort materials, and stone materials. 

. EQUIPMENT AND SUPPLIES \ " Basis of Issue £ 

WB3ABR54230-1-III-7 . " ' . . . . 

Handtools • • ' I • i /student - 

Wiring Booth., - , r/student 

Multimeter . • • ^/students . 

Materials , , . 

Project 1 * „ 1 

Follow.this project step by step. You are .to use'the booth you have jus} wired. > 
Your instructor will insert troubles in your booth. 

Step one 1 

You are to operate each circuit in -your booth and for each one list the trouble you 
think exists in the circuit. . . * 




r 



Select equipment needed to locate the troubles". ' . 

Step three 

Use the following steps on each circuit you troubleshoot. 

Step four ' , . ' 

Use the schematic drawing that yqu^prepared when installing this, circuit. Study 
this drawing, v - - 

SteRfive * 

Mak*e a visual inspection. - 



*0 



"Step six • 
. Using proper equipment locate and indicate the exact location of troubles. 





.Circuit 


1 








Circuit 


2 s 


\ 


< 




Circuit 


3 


— : — ' 1 






Circuit 


4 - 







Circuit 5* 



Have your Instructor check 



, (Instructor) 



Step seven 

Repair troubles, have instructor check and operate 



(Instructor) 



•Step eight ' 

Remove all installed circuits, sort all materials and store in designated areas; 
. have instructor check your area t 1 1 

• ^Instructor) 



:eric 



V: 



1 « 



•/ .»; 



1 .* 
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Department of Civil Engineering Training , WB 3ABR54230-l-in-8 

Sheppard Air Force Base,' Texas August 1975 



APPLIANCE MAINTENANCE 



-OBJECTIVE 



9 



i/ist the correct solution to problems on appliance maintenance. 

f * • . 

EQUIPMENT AND SUPPLIES , , 

» * 

WB 3ABR54230-1-III-8 . 
PROCEDURES 

1. If an appliance is portable and will be moved from one area to another, what type 
of electrical connection is required ? 



2. List the three methods of repairing a brbken heating element? 

V 



a* 

b; 



3 # What meter is used to check a heating element for a break? 
4. Would a damaged bimetal strip be -repaired or replaced? _ 



5, * The first inspection to be done to a damaged appliance is\a 
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THREE-PHASE MOTOR SYSTEMS ^ 



• OBJECTIVE 

To enable you to understand the fundamentals, connections, and selection cfcthree- 
_ . pl\ase motor systems. 

* . INTRODUCTION 

' , pipctrical energy to mechanical energy. Mptors fall 

An electric .motor converts ^ * elec tric-^ you will need to 

into three basic types: AC. DC, and universal. «*/u _ .^-^ ™ 

understand the operating principles and know how 
You alao need to know the various means of contro 
guide was developed to aid you in understanding til 
■ •. svstems. • — 



ERIC 



^ejfcct and connect electric motors, 
.ing an electric motor. This study 
r §e-phase motors and their contrp> 

• . i ' . r ! 



INFORMATION 



SECTION 1 
FUNDAMENTALS 



Three-phase motors are simple ^^^^^Z^tTS, 
The most common types of 30 °^ in the construction 

wound rotor induction motor. These tto _ types 01 no hase motors . Three-- 

t3) endbells. 
"Stator 

- ^ .The frame is made of cast iron or cast 
stfel into Wiickis pressed a laminated 
silicon steel core. The steel core ia i lami- 
-nated to reduce '.'Eddy Currents, "J**"™ 
is a loss due to stray currents. This steel 
core is constructed with semiclosed slots 
' which hold the field* windings. The field 
windings are made up of a number of- var- 
nished insulated coils. ^whichare 120 
(electrical) apart ' These coils are insu- 
lated' from the core with treated paper 
. called fish paper. ' The coils are. connected 
• to formihree separate windings. These 

windings are, connected in either a wye or 
, delta arrangement which will be explained 
' later in this study guide. The field wind- 
ings and the steel core together make up 
the stator or stationary part of the- motor. 
Figure 1 shows the parts- of astator. "\ 



-3. 
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_ . pl\ase motor systems. 

* . INTRODUCTION 
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^ejfcct and connect electric motors, 
.ing an electric motor. This study 
r §e-phase motors and their contrp> 
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INFORMATION 



SECTION 1 
FUNDAMENTALS 



Three-phase motors are simple ^^^^^Z^tTS, 
The most common types of 30 °^ in the construction 

wound rotor induction motor. These tto _ types 01 no hase motors . Three-- 

t3) endbells. 
"Stator 

- ^ .The frame is made of cast iron or cast 
stfel into Wiickis pressed a laminated 
silicon steel core. The steel core ia i lami- 
-nated to reduce '.'Eddy Currents, "J**"™ 
is a loss due to stray currents. This steel 
core is constructed with semiclosed slots 
' which hold the field* windings. The field 
windings are made up of a number of- var- 
nished insulated coils. ^whichare 120 
(electrical) apart ' These coils are insu- 
lated' from the core with treated paper 
. called fish paper. ' The coils are. connected 
• to formihree separate windings. These 

windings are, connected in either a wye or 
, delta arrangement which will be explained 
' later in this study guide. The field wind- 
ings and the steel core together make up 
the stator or stationary part of the- motor. 
Figure 1 shows the parts- of astator. "\ 



-3. 
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The kind of rotor^ed inside of the .Jhree-phase stator determines the type of motor. 
There are two types of rotors, the squirrel-cage rotor aijd the wound rotor. 

Squirrel-Cage Rotor 

i 

The squirrel-cage rotor consists of a laminated silicon steel core, rotor bars, and 
end rings, mounted on a shaft In the most recent types, the rotor bars are cast into 
place on an angle called skew. The skew effect increases the torque of the motor. The 
end rings short circuit or connect the rotor bars together. When one rotor bar is ener- 
gized all of .them are energized. The rotor fl?ars ajid end rings together make up a 
pquirrel-cage winding. Fan blades are added on the end of the rotor to assist in providing 
, adequate ventilation for cooling. See figure 2^ - * . 




Figure 2. Squirrel-Cage Rotor 



Wound Rotors 



" i The 7 wound rotor has a laminated sili- " 
con steel core mounted on £ shaft A rotor 
winding is wound around the core. The 
rotor windings are made of coils similar 
to those used in a stator. - JSach coil is 
^toade up af^k number of turnsjrf insulated 
jrcopperwire. The windings are connected ' 
*like those of the stator> wye f or'deita. 
When the rotor is connected for wye opera- 
tion one end of the windings are connected 
together in the center and the other end 
connected to siiprings mounted\on th4\shaft 
Brushes ride on the siiprings and are con- 
nected exterrially to resistors f or.ylrte&e 



*1 




Figure 3. Three-Phase Wound* 



it'- 



.ifotbr 



\ 



speed control. When connected for delta operation, the windings are internally con- 
nected into a delta configuration and three leads are connected to the sliprings. Wound 
rotor types of three-phase motors are used where a low starting current Js desired 
with an external starting device. See figure 3. „ 

y 

Endbells *\ 

The endbells serve three functions- (1) house the bearings, (2) support and align 
the rotor and shaft, and (3) complete the frame c£ the motor. 



Pri^ples of Operation 



' The effects of a rotating .magnetic field around the stator are required to cause a 
three-phase motor to operate'. This magnetic field is caused by three factors: ^ 



(1) the difference in amount of current flow in the 30 power caused by the charac- 
, pri i ~of 3? Xe generation, (2) reversal in direction of current flow caused 
^chffiSS S ac voltage," and (3) the arrangement ? of ^the field w^gs 
in the stator core to accomplish an even spread of magnetic field 8 ** r ' 
The rotating magnetic field is set up by the rising and falling curren in the stator 
SiSS^wSuie current reaches its maximum value in one sti 
n^netic field is" produced by the winding, As the current in the first binding 
SSaws «e current in the next winding increases, causing the magnetic f(eld> 
^veTo marinXg. As the current decreases .in the second winding it increases., 
m me mird wlding causing the magnetic field to move again. The windings are 
SSll^stP^oSLi of £ magnetic field is uniform a^l continuous. See 

Figure' 41 ' 





w J 

Figure 4. "Rotating Magnetic Field 

* As thecurrent fib* builds-up and collapses in the field" windings, the magnetic lines" 
of force'cut ac'ross the Voter bars inducing a current flow. The' current flow In the 
rotor sets up its own magnetic field, opposite to the stator field. The opposite i rnag- 
• nettc fields attract and the rotor follows the rotating magnetic field.- This will cause 
^me rotor to turn at toe'sam^speed as the. magnetic .field, minus the slip. 



} 



Slip - • 

The time lag* between the speed of tjie rotating magnetic field (synchronous speed) 
and the rotor; speed is called siip. Normal slip is 2 to 5% of synchronous speed. If 
s,lip increases, the torque (twisting effect of the shaft) increases. However 25 percent 
'slip is called stall point and the rotor stalls or locks. This is normally caused if the 
motor is overloaded. To figure the percent ff slip, synchronous, speed must be figured. 
The formula for synchronous speed is: ♦ 



ESr«* oT^Tv/r frequency X 120 
Example: RPM = number ot poles 



RPM*= 1800 
* < 
The synchronous speed for a four-pole motor is 1800 RPMs. A data plate located 
on the.stator will give the motor speed (shaft speed) as 1725 RPMs. With these two 
figures slip can be determined as follows. 

■ " ' , . V w. 
cL~*~ti~ synchronous speed - rotor speed y 
*ofsttp=^ synchronous speed ^ * 1Q . Q , 

• . %of slip = ^i^X 100 • 

1 

' ' o/ 1800 - 1725 v ,„„ \ , 

% of slip = 18QQ - X 100 » - 

\ •' ' ■ * * . . 

%ofslip riio xlod * * 



k ; . glip * 4. 1 percent , .'»".". 

Nortnaliy you can obtain the RPM of a motor from the data plate. However, in 
some cases, therdata plate will be missing from the motor. If the motor is operational 
a tachometer^ can be used to determine the spend of the shaft. 



Mojtor *C onnec tiohs \ 

A thrjee»phase motor has botirinternal and external connections, The internal con* 
nections determine whether the three sets of £tator windings are connected delta or wye. 
The external connections are made withjleaHs which are brought out to the terminal box 
of the'n^otor. These leads provide £ means of connecting the motor to a source of power. 



> 



Internal Connections 

Hie two main types difinternal connectioiip used in three-phase motors are the wye 
and the delta, c . 

The symbol for a wye connected motor is the symbol Y . Figure 5 is a schematic 
diagram of a wye connected mptor for high voltage. ,440 v, 220 v 





- \ 



. Figure 5. 440-rVoit Circuit Diagram 

' NOTE: The schematic diagrams shown do not illustrate the true position of ihe 
coils in the ptator. 




Figure 6. 22oWoIt Circuit Diagram 

^5 :\ 



Figure 6 shows a schematic diagram of a wye'connected mptor for' low voltage. * 
The symbol for a delta connected motor is the Greek letter delta ' a v:5 7 * v 



% Figure 7 shows a schematic diagram of delta connected motor for high 1 voltage. ■ 




Figure 7. 440-Volt Circuit Diagram 
Figure 8 shows a.schematic diagram of a delta connected motor for low voltage. 




\ 



figure 8. 320- Volt Circuit Diagram 



To determine the direction of rotatiomof a three-phase motor, it is normally 
started before the load is* connected. If the.rotation is incorrect, you can change any 
two power leads to reverse the rotation of the motor. Figure 9 shows tn^s schematic 
representation. 
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* figure 9. 440-Volt Circuit Diagram for Reversing Direction of Rotation 



SUMMARY ' • * 

4 The stator of a three-phase motor is constructed with semiclosed slots' for windings 
wftjch are connected either in a wye or in 'a delta fashion. 

.' The kind of rotor used in a three-phase stator actually determines ther kind ctf the 
three-phase motor. There are two distinct types of rotors: W**'*^™^*™* 
S) the wound rotor. The squirrel-cage is the simplest In constructlonjndjequlres , 
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less maintenance than die other types; therefpre, it is the most popular. The three- 
phase motor operates on the theory of a 'rotating magnetic field established in the stator. 
Slip is the time difference between the rotating magnetic field and the rotor. . Stall point 
is 25 percent slip and locks the rotor stationary. To figure amount °{ "J*^*** J™ us 
speed must be known. The formula {or synchronous speed is RPM = numbeTof poles • ' 
With synchronous speed known, % of slip is figured with the following formula: 
sliD - ss - rs X 100 parcent. The windings of three-phase motors are brought out from 
the stator S to an external power source. The windings are connected for either wye or 
delta operation, 220-volt or 440-volt power supply. To-reverse the direction of rotation 
of a three-phase motor,.- two power leads mustjbe interchanged. 

QUESTIONS • . 

1. How can you reverse the 'direction of rotation of a three-phase motor? ^ 



2. What two things will change the speed of rotation^a-poly 



itor? 



3 What are the three main barts of a three-phase motor?. 

• ' ? ' \ ' ., . ■ ' 

4. What is the principle of operation of a 'three-phase motor? . 

' 5; What are the two types of internal connections for a three-phase' mo to* ? 

6. What are the four main parts of a squirrel-cage rotor? 

% 1. Why are wound rotors used in three-phase motors? - 0 

* 4 - . 

, 8. How are thV windings connected foAigfi voltage (series or parallel)? 

• ' . . y- ' : • - 

9. How many leads connect to the sliprings on abound rotor 
40. Why are laminated cores tfsed in motors?^ 

REFERENCES a . . 7 

* TO 34Y19-1-1, Use, Care, and Maintenance of'Eltfctrical Motor? 
TO 34Y19-1-102, Maintenance of Electric actors and.Generators 
Electric Mo°tor Repair, Robert Rosenberg • . . ' 

* Electric Motor Controls, Delriiar Publishers « v 

8 , ^ * 




THREE-PHASE MOTOR AND SYSTEM SELECTION 

Motors chosen for a^eciflctask must be properly rated, constructed, and pro- 
tected for their work. Such factors as size, type of voltage, enclosure, speed, mount- 
ing requirements, direction of rotation, torque, types of bearings, shaft size, ^and 
temperature must be considered. * . ^ 

When selecting a motor for a specific function, one of the first things tp consider 
is the available power. The power supply ipust have the required phases and voltage to 
run the £ize motor needed to drive the load.- " / 

Motors are classified according to sifce, as either being fractional horsepower or 
integral horsepower. A fractional horsepower motor is any motor rated less than one 
horsepower, 'While an integral horsepower motor is tated at one horsepower or-larger. 
This classification is made by the Naticjftal Electric Manufacturer's Association (NEMA). 

Motors are aisp classed by copstruction or enclosure accoi^ding to mechanical pro- 
tection afforded or the method used for cooling. ^ 

Common types of enclosure are as follows:. <> 

, i? * 

* * Open Motor -\An open motor has ventilating openings in the frame 

which permit the passage of cooling outside air over and around 
the windings. 

* Splashproof - A splashproof motor is an open motor in which the' 
vent slots are made to prevent liquids or solids from entering 

them except at indirect angles, c *>- ^ 

* - Totally Enclosed - This motor is built to prevent free passage * 

of outside air. It is not airtight; therefore, it cannot be used 4 m *. , * 
in an explosive area. ** 

" * Drip Proof - A drip-proof motor is 'an open motor in which the * , 

ventilating openings are so constructed thatsdrops of liquid br 
solid particles falling on^he machine*, £ithef> directly or tiy 
striking and running along a horizontal surface, will not enter . , 
„ the motor. ' s * ^ - 

* t Waterproof Motor - A waterproof motor is a totally enclosed^ 

r^otor so constructed that it will exclude water applied .in the 
form of a stream from a hose. * / > 

* Explosionproof - fixpiosionproof motors are designed to withstand 
, an internal explosion of the vapors or dust from the area iii which 

< they are used and to.preyent an explosion due to rabtpr faults, 
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Location of installation will determine the type of enclosure of the motor.' For ,. 
example, an open molftr would be used wher^ the motor is protected from the elements 
by its surroundings. Totally enclosed motors would be used where there is a need to 
restricfcthe passage of outside air. Explosionproof motors. are used where a hazardous 
condition exists or^ight exist. ' According to Article 500 of the N. E:C. , hazardous 
locations are classed into threte categories: 

* t 
Class I - Locations containing flammable gasses or vapors. 

* Class II - Locations containing combustible dust ^ 

•i • * * 

Class III * Locations containing easily ignitable fibers or filings. 

Article 500 of the N.*E. C. also breaks down hazardous conditions into two divisions: 

* ' ' v 

Division I - The hazardous condition is normally present. 

.Division II -' Tliejiazardous condition is no't normally present but may occur. 

Along .-with enclosures the location of- the motor will also determine the temperature 
of the motor. Normal temperature rise of a motor is 40°C. This rise is added to the 
ambient (surrounding) temperature of the motor. ' • >A • » 

» Duty of a motor is defined as the frequency in which it is started. This is an im- 
portant factor in motor selection since motor windings heat rapidly during starting. 
For our purposes, we will divide motors intorcontinudus duty and intermittent, duty, 
categories. T Along wim duty comes the term service factor . Since some motors are 
classed as' generaUpurpose motors, the* may have a service factor stamped on the data 
plate. The normal horsepower rating. is multiplied by the service; factor to give the 
safe overload capacity of the motor. For example, a five horsepower motor ,with a 
service factor of 1. 15 can be used* to carry a continuous load of 5. 75 hp*(5 X ,1.10)- 
Normal servic enactor is 1". 15., |. ' 

' The types of bearings used in a mbtof usually depend on its" application to. a load 
or on its mounting plane," whether horizontal or vertical. As a general rule, sleeve 
bearing motors are horizontal mounted and ball or roller bearing.motors are designed 
for vertical or horizontal mounting. The speed of the motor and size of the; shaft are 
determined by the equipment to be driven or thejoad to be applied, to the motor shaft. 
The connection to-the shaft is made in different ways depending on, the load. Keyway 
and key, pulley, couplings, and'gears are^ommon methods for;connec ting the shaft 
, «> the load. •* > . > • 

*" . • . ' > ■ \" m 

According to the Article 430 in the N, : E.C. , motors shall be marked with cer- 
tain information* such as the following- , , . 

1. MaSttfacturer'.s name. . . " ... 

« ■ .' - ' 

; 2. * Rated volts and full-load amps. ^ 

3. Rated frequency and number of phaaes^ . ■-«'•, "« 
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4. Rated full -load SDeed 

5. R&ted temperature rise 

6. ' Time rating 

' 7/ Rated horsepower if 1/8 or more 



Along with required information, manufacturers volunteer useful information/ such as 
frame number, type, design, serial number, and motor connection. See figur^ 10. 
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US ELECTRICAL MOTOR INC 
Los Angeles. Calif. Made in USA MiUord. Conn. 
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Figure 10. . Motor Data Plate- 



Now that the motor has^beea seleetecj for a specific job, the motor controller and 
related equipment must comply with the same requirements, If the motor enclosure 
must be explosionproof , then the controller when installed under the sape conditions, 
must be explosionproof. The enclostoa must be adequate for the location inj^hich it is 
installed. The National Electric Manufacturer's Association (NEMA) has assigned .* 
enclosure numbers to identify the Jypes of enclosures for controllers as follows: 
i ^ 



Type 1 


- open or general purpose 


Type a 


- weather protected " •* 


Type 4 


- moisture protected j 


Type 7' 


- hazardous vaporproof 


Type 9 


- hazardous dustproof % 


Type 7 & 9 


- hazardous vapor f and dustprjfof 


Type 11 


- oil emerged * 


Type 12 


- oiltight, dust tight 


U 
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Any additional infor;matibn needed might be founcj in Article 430 of the N. E. C. . 
entitled "Motors, Motor Circuits, and Controllers." To illustrate how this information 
W( uld l>e used in selecting the correct motor and, controller, let's look at a problem. 
A giotor is needed to run an exhaust fan located in an aircraft hangar where hazardous 
ga^es and/or vapors are constantly present. The fan is rated as a 3 hp load. There 
is three-phase power available, 220 volts or 440 volts. The fan must be mounted in th^e 
ceiling thus the motor will be mounted vertically. The motor should be connected t© 
cUmw the le&st amount of current possible. The motor will be ji squirrel cag* iniuction 
ty} e. Tsing the N. E. C. Article 430, the following information can be found: 

1. Table 430-150 of the N. E. C. shows the full load current of a 440-v;olt, 3 hp 
motor is 4. 8 amps. 

i. Conductor size - Art. *430-22(a) (125'" x 4.8 amps = 6 amps') and 
table 310-16 (*14 AWG TW copper). 

3. Conduit size - Table 3A, Chapter 9 (1/2" EMT) 

4. Fuse Size - Art 430-52 and Table 430-152 (4.8 amps X 300 v = 14,4 amps). 
Art. 240-6, 15 amp fuse. 

0 

5. Enclosure type - Art; 500-4 .hazardous locations. % 

6. Bearing type -roller or ball 

SUMMARY ' ' ° 

To select the proper motor to do a job, many factors have to be considered. Among 
these are the type of power supply, amount of horsepower required, speed, and direc- 
tion of rotation. * 

The environment the motor must operate in will determine the type of housing used 
to protect the motor, also the position a motor is mounted in will determine what type 
of bearings are needed. & . ' % 

The motor data plate furnishes much valuable information, such as hp, volt; amp, 
and service factor. 

Controllers are selected td conform with the type of motor used for a certain job. 

Motor installations may be broken down into three general types: (1) general pur- 
pose, (2) weatherproof, and (3) hazardous locations. / * • 

> ». * . 

QUESTIONS 

1 What' two wavs'are mdi)rs classified according to horsepower? 

■v 

2. How does a totally enclosed motor differ from an expiosionproof motor? 



3. What is meant by the term servipe factor ^? 



4. What does the abbreviation NEMA represent? 

5. Name the two classes of hazardous locations. 



. 6. A Class II, Division I condition would' be what ty[i-i hazardous condition?- 

7. What article in N.E. C. pertains to motors?, 
• 8. Wire size and fuse size are dependent on what factor? 

9. Will the motor data plate state the voltage rating of a moror? 
10. What are the three most common bearings found in motors? 

REFERENCES . / v 

TO 34Y19-1-1, Use, Care, and Maintenance of Electrical Motors 
TO 34Y19-1-102, Maintenance of Electric Motors and Generator? 
Electric Motor Repair, Robert Rosenberg 
Electric Motor Controls, Delmar Publishers 
National Electric Code « 
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SECTION 3 \ ' 

MOTOR CONTROLLERS AND CONTROLS, 



. A motor controller is anything from a simple toggle switch to a complex system, f 
wh ch controls some operatSen of an electric motor. 

At this point, you are- to read Article 430 of the N. E.C. in its entirety. Article , 
430 allows certain motors under certain conditions to be controlled by a simple device, 
such as a toggle switch or safety switch, shown in figure, 11. * 
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Figure n. Toggle Switch and Safety Switch 



Due to the^size of a motor^e duty it is to perform, the location in which it is installed,* 
or the constniction of the motor, it may require additional protection and/or controlling 
devices. * 

* Types pf Manual Controllers < . * 

Toggle Switch - When a toggle switch is used to control a motor, it normally con- 
trols a motor of low. horsepower rating; An example of this would be a Jjathroom efc- , 
haust fan. . * " * % 

Where tne supply voltage to the motor Is 240 volts, you would have to use-a double-, 
pole toggle switch. This would allow you to break both hot ,coftduc tors simultaneously.' ■» 

Safety Switch - Safety switches of all designs will also be' used ^.controllers in. 
' some cases. ' A nonfusible safety switch would provide, only a manual control means ^ 
where a. fusible safety switch can in some cases provide overcurrent protection and 
control meanSk. See figure 11. , . 

' 14 < < ' * 
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A three-pole double-throw safety 
switch can be used to reverse the direc- 
tion of rotation of a three-phase motor. 
See figure 12. , . 




TO MOTOR 



Figure 12. Manual ^Forward-Reverse* 
Xhree- Phase Control 



Drum Control- - The drum control 
consists of a lever operated three-position 
switch encased as illustrated, in figure 13. 
The center position is usually the OFF 
position with the right and left positions 
being forward and reverse respectively. 




Figure 13. .Drum Switch Control 

An illustration of contact positions showing phaie reversal at the forward and 
reverse positions is shownf In figure r 14. . 

. The oil-immersed drum type is used extensively wherever the air may become* 
rhareed with corrosive gases or highly flammable dust or lint The- drum type is 
h^^^rJlrslnt service and for smaller multispeed squirrel-cage motor* 
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Figure 14. Reverse and Forward Drum Control Positions ♦ 

x Types of Automatic Controllers * 5 . 

Float Switches - The level of fluid is often controlled by the use of a float switch. 
This switch is a set of contacts which are opened or closed giechanically by a lever and 
float assembly. By using motor T driven pumps controlled by a float .switch, the level of 
liquid can be increased or decreased automatically. An example of a common use of ■ 
f float switches is to control the water level in water towers. * / 

* *, 

Pressure" Switch - Pressure switches are used to control th'e pressure of gases, 
air, and liquids within a desired range. For example a motor on an air compressor 
is controll^ by a pressure switch. % *» 

Thermostat - The thermostat is a device sensitive to temperature and is widely — ^ 
used in heating and cooling systems to control the system. * 

Photoelectric Cells - The photoelectric cell is sensitive to light afid is used widelv- 
to turn "on and off"< exterior lightfc, such* as street lights^ 

. ^ . 1 MAGNETIC LINE VOLTAGE. STARTER 

" ' Electromagnetic energy can be used to close switches. Line voltage starters pro- 
vide a safe, convenient,* and economic means for controlling electric motorsnSiey 
are used to start and stop electric motors. Magnetic line starters are widely usiad 
because they are economical and safe and they can also be controlled remotely. jThev 
are normally used where full voltage starting torque is needed and where cur*erft surge 
is not a major factor. Magnetic starters may be as simple as the type shown in figure 
15, having oqly'one set of contact^ The contacts called "main contacts" would be con- 
nected in series with the Conductor carrying power to the motor. * When the electro- 
magnetic coil is energized, it Sets up a magnetic field attracting the armature. -When ' 
the .armature moves 1 toward the electromagnet, the movable contact (located on the^ 
armature) connects with* the stationary contact. This completes' the circuit to the motbr 
and the motor starts., : When the'iwitch in the.circuit which supplies pqwer for the 
electromagnetic coil is opened, the coil is deenergized, causing a loss 'of the magnetic 

.. u 
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force The spring will thenpull the-contacts apart. This is a simple magnetic line 
starter. Other magnetic line starters will have more contacts, motor overcurrent 
protector relavs (heaters), and may depend on gravity to open the contacts. Heaters 
will be explained later in this study guide. Figure 16 will help you identify the different 
parts of a magnetic across the line starter 1 . This figure shows a three-phase across 
die line starter, containing three'sets of main -contacts, one set of holding contacts, 
a coil. «wo reset contacts, and two heaters. It is designed so gravity will cause the 
contacts to open when the coil is deenergized. Pressure springs have been added to the 
contacts to allow them to seat evenly. This prevents bending of the contact and arcing, 
thus prolonging'their life. Shaded rings are placed on the stationary core to provide a 
time delay in the loss of flux, thus preventing contact chatter and wear in the movin S 
parts of ac magnetic starters. ' « * 
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Figure 15. Magnetic Starter 
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Figure 16. Three-Phase Magnetic Line Voltage Starter^ 

Figure 17 shows how this starter will appear on an electrig ai diagram. ^Electrical 
symbols are used to represent the parts of the starter. Magnetic starters are often - 
cal led contactors. . 
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Figure 17, Electrical Diagram of a Magnetic Starter 



Overload. Protection 

Electric motors require overload protection to prevent burnout. If permitted, 
electric motors will operate at a higher current than their rated capacity. This, may be 
caused by low line voltage, by an open line in a three-phase system, and by an overload 
of the driven machinery, lie overload on an electric motor iiauses it to draw exces- 
sive current that causes overheating. The overheating will eventually result in a- burn- 
out. To prevent this, overload relays are employed or^t starte? to limit the amount of 
current a motor can draw. This is overload protection, or running protection. .An 
overload relay consists of a current sensitive element and a set of ^normally closed 
reset contacts.The-overload relays of a starter function to protect a motor from . 
excessive current that is destructive to motors. -Current sensitive (thermal or mag- 
netic) elements of overload relays are connected either directly or indirectly in the ^ 
motor lines through ctirrent transformers; The overload relays^act to deenergiie the 
starter and stop the mptor when excessive current is drawn.* v 

Thermal -Cutouts- . N 

ThJrmal cutouts are usually of the bimetallic or melting alloy types.- The bimetal- 
lic type is constructed of two dissimilar metals which, when heated, bend due to the 
different rate of expansion of the two metals. A heating element in the motor line cir- 
cuit venerates the heat necessary to activate tbe sttip. Current in excess of the de- 
sired amount causes deflection of the bimetallic strip to the extent that the contacts 
spring apart, thus opening the holding coil Circuit- as shown in figure 18. A reset ^ 
button is depressed to reactivate the mechanism when the strip has cooled to operating 
tolerance.^- ' 
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figure 18. Bimetallic Overload Relav 
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The melting alloy overload relay employs a heating coil connected m the motor line 
it. See.figure 19. 
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Figure 19, Melting Alloy Thermal Overload Relay 

The heat caused by excessive current in the motor circuit meife the metal alloy 
(similar to solder) releasing the spring-loaded shaft. The shaft is then capable of turn- 
ing which permits the reset contacts to open, , thereby disrupting service to the motor. * 
When the alloy has cooled and solidified sufficiently the motor may be restarted by 
depressing the reset button. A laboratory example of the melting alloy principle is 
shown in figOre 19-. * % 

The main advantage of the meltfng alloy oVer the bimetallic type is its amperage *i 
rating doesn't var,y after repealed heatings. ' '* ? 



Magnetic Overloads 

The magnetic overload relay consist&of a coil, a plunger, a dashpot, and a set of 
contacts. See figure 20. The coil is connected in series with the motor. When a 
determined amount of current passes through the coil, the magnetic field will pull the 
plunger .up. causing the contacts to open. By adjusting, the length of the plunger, the 
amount of- current required to pull the plunger up can be varied.* An oil-filled dashpot 
is added to provide a time delay/ A plate .on the bottom of the plunger is submerged n 
the oil and a<rts as a piston. The plate has holes in it that can be adjusted in size to* 
change the time delay. 1 When the coil pulls the plunger up, the oil must flow through 
the hole in the*plate as the plunger rises-. By changing tjie size of the hole, the time 
delay can be increased or decreased. Quick tripping is obtained through the use of a ^ 
light grade dashpot oil. * x . 
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. Figure 20. Magnetic Overload Relay 

Selecting Heaters » 

The overload relay size is determined by. the full load current of the motor it pro- 
tects When selecting the heaters to protect a motor, you should check the motor dati 
plate' to find the full load current Each manufacturer normally puts a' heater selection 
■table in the controller cover. Heaters are not identified by amperage, but by the manu- 
facturer's catalog number. By using the full load current of the motor tp be protected 
and referring to the manufacturer's table, the proper heater can be selected. Figure 21 
is a CoUer-Hammer heater -table. If the' full load current of a 2 hp motor at 230v is 
6.8 amps, the heater required would be an H1033. - » 
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HEATER COTL SELECTION TABLES 



For Size I Starter* 



For Size 2 Starter 



Ampere 
Range 



Catalog 
No. 



.157-. 177 
. 178-. 198 
. 199-. 223 
.324-. 249 

:*250-. 28o 



HI 101 
H1102 
Hi 103 
H1104 
H1105 




>.281-. 313 
.314-.353 
.354*-. 395 
.396-. 445 
.446-. 499 



H1I06 
H1107 
HI 108 
HI 109 
HI 1 10 



Ampere 
Range 



Catalog | Ampere 
No. ! Range 



Catalog 
No. 



Tdr Size 3 Starter 



For Size,4 Starter 



Ampere* 
Range 



2.20-2.45 
2.46-2.74 
2.75-3.07 
3.08-3.42 
3.43-3.8? 



.500-. 562 
563-. &1 
.632-. 711 
.712-. 799 
.800-. 903 



HI 1 1 1 
HI 1 12 
HI 1 1 3 
HI 1 14 
HI 1 1 5 



3.82-4.27 
4.28-4.71 
4 72-S. 24 
5. 25-5.87 
5. 88-6 48 



H1024 
H1Q25 
HI026 
H1066 
Hf027 



3.89-4.35 

4. 36-4.81 
4.82-5.35 
5.36-5.96 

5. 97-6.63 



HI02S 
H1029 
H1030 
H1(T31 
H1032. 



8.72-9.67- 
9 68-1,0.8 
10. 9-12 0 
12. 1-13 5 
13.^-15.0 



Catalog ' 
Nb. 



v Ampere' I 
Range j 



Catalog 
No. 



HH/35 
H1036 
H103T 
H1038 
t H1039 



19. 5-21.9 
22.0-24.7 
2-T8-29.0 
29. 1-31.9 
32.0-36. 1 



H1042 
H1043 
H1044 
H1045 
H1046 



H1028 6>64-7.41 , H1033 15. 1-16. 8 j H1040 ' 

H1029 7. 42-8. 23 ! H1034 16. 9-19. U\ TTI04I 

H1030 : 8. 24-9. 19 ^ H1035 19~2-2l*£,i -H1042 

H1031 ! 9. 20-10 2 ^ H103fr 21.7-24.5 \ H1043 

H1032 1 10:3-11.4 ; H1037 24. 6-27 8 I H1044 



36.2*40 X 
40. 8-46 2 
46.3-52 4 , 
52.5-59 2' 
59. 3-66 "3 I 



H1047 . 
hi 04* 
HI 04 9 x 
H1050 V 

Hiosr * 



6. 49-7. 27 
7. 28-8. 14 
8. 15 T 9. 03 
9.04,-10.0 
10.U11.2 



H1033 
H1034 
„HI035 
H1036 
H1037 



-4_ 



11.5-12.8 
12.9-14. 1 
14.2-15,9 
16.0-18. 1 
18 2-20. * 



.904-1.01 
1. 02-1^13 
1.14-1.27 
1. 28-1.43. 
1.44-1.60 



H1U6 

Him 

H1018 
H1019 
H1020 



11. 3-12. 5 

12.6- 13.8 
13.9-15.6 

15.7- 17.7 
17. 8-19. 9 V 



1.61-1.79 
U 80-1. 98 
1.99-2.19 



H1021 I 20N)-22. 5 
H1022 22.6-25.3 
H1023 25.4-27.0 



H103Q 
H1039 
H1040 
H1041 
H1042 



S r 

"20^5-23. 3 
23.4-26. 5 
26.6-30.3 
30.4-34.7 
34. 8-39,6 



H1038 27. 9-31 3 Hl045 , ' 

H1039 31. 6-35. 5 1 H1&46 „ ' 

kl040 35 6-40'3 , HI047 

H1041 40. 4-45. 6 -* H1048 * 

H1042 45. 7-51 8 ' H1049 



H1043 
H1044 
H1045 



39. 7-45.0 



H1043 
H1044 
H1045 
H1046 
H1047 



51.9-58 6. 
58. 7-65 2 

65.3- 74.3 
74. 4-86 3 

86.4- 90.0 



H1048 



,66.4-75 1 
75.2-87 1 

-87.S-99 9 
100.'- II* 
114 -129. 



H1052, 
H1054 
H1055 
H1056 
hi 10*57 



H1050 130. -135 

H1051 " 

H1052 

H1054 

H1055 * 



! H1056 



SUMMARY 
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Figuxe 21. Cutler -hammer Heater Table 
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By the use of the proper controller, it is possible to control and protect motors 
under any given situation.' Magnetic live voltage starters are widely used beckuse (Key 
oaii easily be controlled remotely. , "'''*. 

* • * / 

QUESTIONS . • V 



ERJC . 



I. Whatsis a drum switch used for? 



How many sets of main contacts-does a three-phase magnetic starter-have? 
What is the purpose of the reset contacts in a magnetic starter? £ A « 
Are the resetxontacts in a magnetic starter normally open or normally closed? % 
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5. What is the purpose of the' magnetic coil in a magnetic starter? 

6. What is the purpose of the shaded 'ring, located on the iron core of a ma-netic 
.• \ starter? *' v , 

7. Ho* can/he time*dltay,be v'atiedon the dashpot relay? ' . . 

• » 

8 * What are two types of thermal overload relays? # . 
9. Heater size is determined by what characteristic of the x motor? 
List lo'dt automsffic controls used to control motors? 

reference/ 

TO 34Y19-U1, Use, Car'e, and Maintenance of Electrical Motors 
TO 34Y19-1-102, Maintenance of Electric Motors and Generators 
Electric Motor Repair, Robert Rosenberg ' 

Electric Motor Cortrois, Del mar Publishers 

* • * 

'National Electrical Code * ' 
EQUIPMENT AND SUPPLIES * Unit/Issue . 

SvV 3ABR54730-1-IV-1 > 1/student 
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SECTION 

CONNECTING THREE-PHASE CONTROLLERS 



Connecting three-phase controllers vary or 
when the controllers are to serve different <jut 
starter and a start-stop station controllings 




in the location of the terminals and 

Figure 22 shows a square D magnetic 
-phase motor. 




00-100 



Figure 22. Wiring Diagram of a Square -D Magnetic Starter 
Connected to a Start-Jjtop Station 

I 

Power is supplied to the controller at terminals marked LI, L2, and L3. The m ' 
motcr is connected to threeHerminafs marked TJ, T2, and T3. The identification of ' 
these terminals will normally be the sam^ regardless of the Manufacturer. 

.n order for the motor to operate, three seta of normally open contacts (main con- 
tacts) must close. Theses contact? are located between the line and the load (U & Tl v 
L2^ T2, and u3 & T3). To close these contapts the coil must be energized. This is 
donfe through a circuit known as the control iircuit. The control circuit runs frofo 
termyial L2 through the two reset contacts (norntdly closed contacts) through the coil 
and to terminal three (3)'on a set of holding contacts. To have a complete circuit to s 
energize the coil, thexontrol circuit must make connection to Ll. This point is 'where 
the different types of controlling takes piace f As in figure 22, terminal three <3) of the 
magnetic starter is connected to terntiaaHthree m 0 f the start-stop -station. When the 
start button is pushed,, a circuit is cdmpleteZHronK terminal three (3) through the start 
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contacts t<? terminal. two of the start-stop station, through the stop button to terminal 
one (1) and to terminal LI of the magnetic starter. A circuit is now complete between 
LI and L2, and the coil becomes energized. "When the coil energizes, the armature is 
lifted causing all normally open contacts to close^ The circuit is nowcomplete to the 
motor. The circuit from terminal' three (3) of the magnetic starter to LI is known as the, 
start circuit. The start button on a-start-stop station is a constant pressure switch, 
meaning it must be held in to keep the contacts closed. If pressure is removed, the 
circuit would be broken and the coil would become deenergized. To prevent this from 
happening, another circuit called a holding circuit is addetf. The holding circuit is 
connected from terminal two (2) of the magnetic starter to terminal two (2) of the start- 
stop station/ When theyoil becomes energiz^d'it closes all normally open contacts, 
including a set of holding contaqts located between terminals two (2) and three (3) of th< 
magnetic starter. When these contacts close, a circuit is completed from terminal- 
three 43) through the holding contacts to terminal two (2), 'to terminal two (2) of the 
staxt-stop station, .through the stop button contacts to terminal one (1) to LI. x When tju 
.start button is released, this circuit is used to keep the coil energized. To deenergize 
the coil, pressure is applied to the stop button which causes its normally closed con- 
tacts to open, breaking the circuit, deenergizing the coil. Should the motor draw mon i 
current than is specified on the data plate, the overcurrent relays will heat and open 
the normally closed contacts (reset contacts) in the control circuit, which will deener- 
gize the coil. This provides motor protection. _ * 

Figure 23 shows a wiring diagram of Arrow-Hart magnetic starter.* As you can 
see, the terminals are parked the same as the Square D, tut they are in different 
locations: even though the.wiriiig remains the s^me. On some starters, terminals 2 & 
3 may be marked G2 and C3. , 

^ When a motor system requires controiiingYrom more than one location, additional 
start-stop stations can be added. Some conveyor belts require this type of control s 
system to allow starting and stopping from either end of the conveyor. 
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Figure 24 shows a diagram of how two start-stop stations are used to cootrol a 
mo*or system. The two stop buttons ate connected livscries and the star,t buttons 
;iro ro;Airctc<l in parallel. , v ^ * 




Figure 24. Wiring Diagranj of a Magnetic Starter 
Connected to Two Start-Stop Stations > - 

When a thermostat, pressure switch, photocell, or any automatic control is 
used to control the magnetic starter, the holdinc circuit is not required. As shown 
in figure 25, the thermostat is connected to terminals LI and 3. The contacts in 
the thermostat provide a circuit to keep the coil energized; therefore, the holding 
contacts are not required. % <■ 
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Figure 25, Thermostat Controlled Motor System 

As you learned earlier, reversal in direction of rotation of a three-phase motor 
can be accomplished by changing two power leads. This can be accomplished with a 
drumgwitch.' A more modern method used a "reversing starter. " Reversing 'starters 
require two contactors, one for forward, the other for reverse. The contactors reverse 
line LI and L3. Should both c ontactors close at the same time it would cause a short 
circuit. To prevent both contactors from closing at the same time, a mechanical inter- 
lock if used. To further prevent this the controls are so wired to provide aji electrical 
interlock. Figure 26 shows a reverse controller. The forward and reverse station 
has a normally closed and a normally open^et of contacts. If pressure is applied ( to 
the forward button 'it opens the normally closed contacts (which are in series with the 
reverse) and closes the normally open contacts, energizing the forward coil. The 
reverse button performs the same function in the reverse circuit., Bv opening the nor- 
mally closed contacts an electrical interlock is provided. . 

Two sets of holding contacts are required in this controller, one in the forward 
circuit, the other in the reverse circuit, Label 2, 3 and 4, 5. Six sets Qf main con^v 
tact£ are requy^^labeled LI, .L2, and L3. * . . 

SUMMARY 

The terminals on most magnetic starters-are-identified in -Uri* same^nanner.--Tlws€-- 
terminais mi^ht vary in location from manufacturer to manufacturer. If you carH'omierl 

2fi * • " 



one type of* magnetic starter, you can connect another type because the wiring connec- 
tions are the sarne. ' ' & . 

QUESTIONS 

1. What is the purpose of the holding contacts? 

2. The heaters are connected in what circuit of tlie magnetic starter 0 

3. The start contacts in a start-stop station are normally ^contacts. 

(Open or closed, ) t . 

4. .The coil is connected in what circuit? 

5. How is the electrical interlock provided in a forward-reverse control system 0 



REFERENCES \ 
TO 34Y19-1-1, Use, Care, and Maintenance of Electrical Motors 
TO 34Y19-1-102, Maintenance of Electric Motors and Generators 
Electric Motor Repair. Robert Rosenberg 
Electric Motor Controls, Delmar Publishers 
National Electrical Code 



SECTION. 5 . f 

REDUCED- VOLTAGE STARTERS ^ 

Whenever the power system has insufficient capacity to allow full voltage starting 
0! a motor, or whenever full voltage starting would cause line disturbances, reduced 
voltage starters are used. Reduced voltage starters are normally, used on larger motors: 
however, they are sometimes recommended for njotors as small as five horsepower. 

Plading a resistance in series with the power' leads reduces the voltage applied to 
the motor windings, which in turn reduces the current f Tow causing the fliotor to start 
slowly. As the motor picks up spe^d, a counter EMF is generated which keeps the Jijie m 
current at normal value. The starting torque is greatly reduced due to the reduced 
current flow. Two common types are the resistance starters and-the autotransformers. 

Resistor Type Motor Starters • 

The resistance starter employs resistors to reduce the input voltage, wjjriie the 
motor is sorting. The resistance type starter consists of a heavy-duty resistance 
placed in series with the line conductors, as .shown in figure 27. 

WIRE CONTROL IF uS£0 

|p — , 
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< Figure 27. Diagram of a 'Primar-y Resistor Type Automatic Starter 
for Squirrel-Cage Induction Motors 

Tire voltage drop through the line is due to resistors. The starting current of the 
motor is reduced in direct proportion of the voltage. The disadvantage of the resistor 
starter lies in-wasted energy caused by the resistor heat loss. 
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' Low voltage controls are devised for low vol 

A low -voltage protection device is one which 
ure of voltage; causing an interruption of power*tothe 
interruption of pcJwer to the main circuit. 




;v &fid low voltage release, 

.w the reduction or fail- 
rcuit and maintaining xhe 



A low voltage release device is one' which operates due to the reduction or failure 
of voltage,, causing" an interruption of power to the main circuit, but reestablishing the 
main circuit on the return of voltage. , / * 

To obtain low-voltage protection it is necessary to Jiave a start button^that closes 
the control circuit only when it is being held down. A holding circuit keeps the control 
circuit closed after the start button is released. In the event of voltage failure the a 
control circuit is opened and regains open. This gives protection against unsupervised 
starts when power' returns. " * " , 

/ ' 

NOTE: Overload device, in the control, circuit, is in series with the coilr 

.A low- voltage protection device requiring personal intervention n order to restart 
the motor is'considered a s manual device. *- ' • 

A low-voltage release control operates automatically to restart the motor after the 
return of voKage. ' A different type of pushbutton station must be used with the low- 
voltage release control. The pushbutton must be a maintained contact type. This sta- 
tion does not use start contacts which are in the nbrmally OPEN position: If the con- J , 
tactors should be ppened-duelb a power interruption, the motor is still connected 
a cross a source of power, except for the opened overload switch in series with the coil. 
When voltage returns the motor will automatically restart. Automatic reset overload 
relays in magnetic "Starters connected by a two-wire switch wil^not, protect the motor * 
against sustained low voltage. * . * 

Autotransformers . * 



Large motors require more intricate starters than those us^d for smgll motors. 
This is due to the heavy current draw of large motors while starting. The autotrans- 
f6rmer starter is used to reduce the voltage and current to the motor. 

The autotransformer, sometimes 
referred to as a compensator, is a coil'or 
wire wound on a laminated iron core. Sev- 
eral taps are brought out to provide different 
voltages. On the common type compensator, • 
three autotransf oilier s, one for each phase 
of the line, are 'connected, as shown in 
figure 28. .If eacK coil is tapped at the appro- 
priate pof* f "on and competed as shr."/n 
figure 28 to a three-phase motor, the volt- 
age applied to the motor on starting will be 
one-half the line voltage. ,Due tp the input' f . 
voltage being reduced to one-hali, the line 
current will also be reduced. 
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Figure 28. The. Connection of a. 
Start Position of a Compensator 
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The ordinary compensator usually has two or three taps brougfit out, so that differ- 
ent voltages are available, offering a choice of voltage to be applied to the motor on 
starting. The starter connection should be connected to the tpp which offers the most 
satisfactory starting torque at the lowest start current. 

The auto transformer starter is made in two types, the manual and automatic. The 
automatic and manually controlled compensators are essentially the same. The auto- 
matic compensator however, shown in figured, uses a start coil in the»starting cir* h 
cuit and a* run coil in the running circuit. The automatic starter is put in operation by 
.pushing a remote control button which* closes the start contacts 'magnetically. A timing 
devic^eonnects th£ hiotor across the^ine through the run contacts after ithas'been 
operating a few seconds on reduced voltage. 
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Figure 29. Automatic Autotransformer Controller Compensator , . 

The manually operated type autofransforiner starter has a handle which is used to 
manually place the motor in start and then run. Only one v coil is reguir^ed ijpthe manu- 
ally operated compensator. The manually operated compensator may or iffay not be 
connected through the overload relays while the motor is starting. If the overload 
relays are not in the starting cirquit t no trouble will be encountered in the relay trip- 
ping because of an excessive starting current. 



If the voltage fails, or is reduced, the holding coil is unable to hold the control in 
the run position. If .a prolonged overload ocqurs, the overload relay contacts open and 
deenerglze the holding coil. The holding, or undervoltage coil, is connected across 
two leads of the motor with a stop button and overload relay contacts in series with it 
The overload relay must be reset before the motor can be started. 

SUMMARY* 

* » • 

Abnortfialiy high starting currents in larg£ three-phase motors are overcome by 
decreasing the voltage to the motor. By using resistors and autotransformers in series 
with the line reduces the voltage to the motor windings and lowers the starting current 
to a point where it will not be dangerous to the4ines and equipment 

QUESTIONS 

<■ * • 

\1. What is the purpose of a reduced voltage controller? , 

.2. How are the resistors connected in the circuit in a resistor type starter? 

3. What is the disadvantage of resistor type controller? 

4^ What is the purpose of the timing device used in an autotransformer controller? 

5. Why does the autotransformer have more than one tap? 

REFERENCES * 

TO 34Y19-1-1, Use Care, and Maintenance of Electrical Motors 
TO 34Y19-1-102, Maintenance of Electric ^tors and denerators 
Electric Motor Repair, Robert Rosenberg 
Electric Motor Controls, Delmar Publishers 
National Electrical Code 
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Department of Civil Engineering Training * SG 3ABR54230-1-IVV2 

Sheppard Air Fofce 6ase, Texas 76311 %>;^ July ^'975 

. * TROUBLESHOOTING THREE- PtfASE MOTOR SYSTEMS * \) 

OBJECTIVE „ 

The objective of this study guide is to help you*become familiar with the procedures 
for troubleshooting, testing, maintaiging, and repairing motors and motor control . 
systems. * % m \ > . 

INTRODUCTION * . 

Motor failure may'be due to a number of causes. Some of the things that maggj^ise 
motor failures are an overload, low or high voltage, frozen or worn motor bearings, 
failure of motor windings, and failure of motor controls. • • 

CONDITIONS THAT CAUSE MOTOR TROUBLE 

'Many things that cause motor failure are not the fault of the motor. Several condi- 
tions which may cause motor failure are listed below. These conditions should be 
•checked before disconnecting electrical powerline's or troubleshooting the electrical 
system. 

* Overload / 

* Loss of Power 

* Driven Machine Blocked 

* Frozen or Worn Bearings a 
*. Bad or Improper Connections • 

Overload <* 

If a three-phase motor has been operating satisfactorily and suddenly stops, a 
temporary overload condition may exist Sufficient time should be allowed for\the over- 
load device to cool before actuating thte reset device. If sufficient cooling has occurred 
the reset will hold in the locked position and the nbrmal starting operation can be fol- 
lowed. H the motor fails to start, a systematic procedure should be employed for 
locating the trouble. Check current draw with an amme ter to deter niine if the motor 
is overloaded. \ 

\ 

Loss of Power \ \ < 

* • 

Use a voltmeter to determine if power is being- supplied to the magnetic starter. 
Likewise determine if power is being suppfled to the motor. 
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Bad or Improper Connections i \ 

Before a motor is removed from the line all electrical connections should be • " 
checked. Determine if the control connections' are in accordance with the control- ' 
• wiring diagram. When the control connections have been checked, the terminal lead 
connections in both the control apparatus and to the motor should be checked. 

Motors with wound rotors are more .susceptible to malfunctions due to their con- 
struction. Other than insulation checks which are similar'to the stator winding 
rotors often have opens caused by overheat. Conductors must be resoldered to'the 
shprings »and rebanded if necessary. , 

Brushes that have been worn to half their original length must be replaced. Check 
brushes for broken leaiis, chipped or broken face, correct tension, and freedom of , 
movement in holder. * \ 

a 

4 

* Driven Machine Blocked * * 

Determine if the driven machine is'a^fauit. Disconnect the mptor from its load 
and rotate the rotor shaft of the motor by hand to determine if rotation is free. By 
accqmpiishing this, it can be determined if the driven" machine is at fault. 

* Frozen or Worn Bearings* 

Try operating the motor without the load of the driven machine. Lubrication mav 
be needed andon some cases wilHree the rotor, jf the bearings are frozen or stuck * 
it may be necessary to take the' motor apart to free the bearings. If the rotor shaft will K 
turn, look for wobbling, which indicates a bent shaft' Before handling the shaft how- 
^ ever, put on gloves, or use a piece of cloth, to insure .against injury to hands from A 

* burrs or sharp edges that may be in the keyway. Check the rotor shaft for any up and 
down play (movement).- Any noticeable movement indicates worn bearings, which«may 
•be causing the rotor to be dragging in the stator. This is probable when belt tensfon is 
applied. The bearings should be replaced if up and down movement is* noted. Also 
•check for rotor end play. This is noted by moving rotor shaft in and out. Some end 
play.is not detrimental; however, it should nQt exceed 1/64 of an inch. Excessive end 
play may be removed by adding fiber spacer washers. , ' , " 

- <P thep things to check axe: misalignment of endbells, a loose pole piece or foreign 
objects in the motor. * If the trouble is not mechanical, the motor circuits are then 
analyzed, 

PROCEDURES FOR TROUBLESHOOTING MOTOR SYSTEMS 



All electrical circuits are subject to three common malfunctions. These circuit 
faults are: open, grounded, and shouted circuital . V s * 

Open Circuits - *^ ^ ^ - . 

Starting with the scarce of power, an opefl circuit may exist at' any point between 
there and the rptpr of the motor. It is necessary to isolate the trouble: This must'be '* 
accomplished q;i a step-to-step basis. Make the following checks o;V the equipment 
snown in figure 30. • . ^» ? '• 

\- — - — «- — . . • • 36 . _ i i: Cria. ■'" ^ 



'Check with an ohmmeter from the source of power to the line terminals, of the 
starter,' making sure continuity exists at the starter line terminals LI, L2 and L3. 
Make sure of a continuous circuit between the start-stop station and the starter This 
calls for checking the starting circuit from the starter to the switch, if the motor will 
not start; and the holding circuit from the starter to the switch, if the motor does i not 
operate after releasing toe stak button. NOTE: THE CONDUCTOR CONNECTED TO 
LI IS COMMON TO BOTH THE-STARTING AND HOLDING CIRCUIT. Make sure there f 
is a continuous path for current flow from the switch side of the starter through the 
holding coil and through the resets, back to L2. This circuit normally is-from switch 
terminal 3, to starter terminal L2. Be sure you have continuity through the heaters. 
Raise the armature until the contacts are closed and check for- continuity between LI and 
T1-' L2 and T2; L3 and T3. .If there are no opens, to this point, power should exist to the 
motor terminals, Tl, T2, and T 3 of the starter, when the start- button is pushed. 



30 AMP DISCONNECT 
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Figure 3*0. Three -Phase Sqoar'e D Starter Connected to a Three-Phase Motor. . 
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Check for continuity between the starter terminals, Tl f T2, and T3 and the motor, 
terminals, Tl, T2, and T3, If we have-power to the motor terminals it will 6e neces- 
sary to check the stator of the motor for an open circuit. This is done in a wve con- 
nected motor,- as shown in figure 3ll 




Figure 31. Testing the Stator of a Three- 

for an Open Circuit 



Phkse Wye Connected Motor 



Disconnect the motor leads from the power leads. Check folf continuity between 
leads 1 and 4, 2 and 5, 3 and 6. Continuity should exist when testing across the above 
mentioned pairs. Since the opposite ends of leads% 8, and 9>are connected at a wye 
point in thewye connected motor, continuity should exi* between leads 7 and 8,*7 and 9, 
or a combination of 7, 8; and 9. * 

Checking the stator of a dela connected, 9 lead motor for an open circuit is accom- 



leads from the^power leads. Check* 

This will check all the windings 
internally to lead 2 t lead 11 to 



plished^as shown 'in figure 32. Disconnect the motor 
for continuity between leads 4 and 9* 6 and 8, 5 and 7 
in the delta motor, inasmuch as lead 101s connected 
lead 3 t and lead 12 to lead 1, as shb'wn iii'figure 32. 

There is little likelihood that a squirrel-cage rot3r will be open. If «n open does 
exist, the motor slows down un&er load. It also has low starting torque. Signs of heat- 



ire usually found either at the 



ing are usu ally # e vide nt. .Fractures in the rotor bars _ iV _ iV4 ^ 

connection to the end rings or at the point the bars \eive the laminations. If- the motor' 
has a wound rotor,, it may be necessary to check H foi* an open circuit &y using the 
external growler.^ 



MOTOR LEADS INDICATED 
BY ARROWS 
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Figure 32. Testing a Delta-Connected Motor for an Open Circuit 



Grounded Circuits 

• « 
The same methodical process must be followed in finding a grounded circuit as was 
employed in finding an 'open circuit. It is necessary to stirt with the source of power 
and work toward the motor. With the main disconnect open, check with an ohmmeter 
aprosseach power phase to ground. Follow this step all -he way to the starter, to 
insure that no grounds exist from the source of power to the starter. Any grounds exist 
ing in the power supply or any extremity connected to LI, L2, or L3 of the starter will 
be indicated at any point tested, between the power source and the starter by the needle 
movement on the ohmmeter. This is assuming any disconnects between the source of ^ 
power and the starter 'are closed. Disconnection of conductors at certain points will be 
necessary to isolate the grounded circuit. Check across each of the conductors, one at 
a time, connected to the start-stop station to ground (conduit), to determine if a ground 
exists to the start-stop station. 

Check throughout the starter at 
points of possible grounds, the control 
circuit (through the coil) and the main 
circuit. In checking Tl, T2, and T3 of th£ 
starter to ground, it must be remembered 
any grounds existing in the connected > 
motor will be indicated at these points. 
Whether the ground exists in the motor or 
on the conduit can be determined by dis- 
connecting the m&tor froip the starter. If 
the ground does not exist in the conduit 
from the starter-to the* motor, the motor 
windings must be checked for grounds. 




TEST LAMP 



Figure 33. Testing Motor Leads for 
The motor windings are tested for * Grounded Winding^ 

grounds, as shown tfi figure 33,^ Position 

one test prod to the motor housing, being certain metal-to-metal contact h^s been 
established. • 39 
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With the other lead, touch each stator lead in-succession, If the needle mpvjjs. 
a ground is indicated. The motor must be disassembled and each phase discc^ieciea. 
as shown in figure 34, and checked to ground. . § 
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Figure 34. Disconnection Points in Wye and Delta-Wound Motors 

When the grounded phase is located, disconnect each winding group of .the phase, 
as shbwn in figure 35, and check each group separately until the grounded winding 
groups is located. After locating' the grounded winding, check to see if the trouble can 
be rdaJtt^repaired. If not, the* motor must be replaced with a serviceable one. 
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Figure 35 Disconnecting Leads Between Group's of Wirings of Each Phas,e 



A ground in the rotor of a wound motor does not affect motor performance, until a 
second ground occurs,- in which case i£ will then assume the characteristics of a shorted 
rotor. 

♦ . 

Shorted Circuits m • 

Shorted circuits are found by checking across conductors with t^e power off. If 
continuity exists across two conductors when the circuit is purposely open, the circuit 
is shorted. As in checking for opens and grounds, checking for shorted circuits shQuid 
start with the source of power and be carried through to the motor windings. Figure 36 
may be used for applying tests for shorted circuits.. With the mam disconnect open, 
start by checking across the fuses (bottom end). Assuming any disconnects are closed 
between the source of power and the starter, continuity across any two conductors will 
indicate a short circuit exists between the -main disconnect and the starter. Disconnec- 
tion of conductors at certain points will be necessary to isolate the shorted circuit. 
Press the stop button and check across the conductors number 2 of starter switch to LI 
or (CI). Pressing the stop button on the start-stop station opens the cirquit to the 
starter. A continuity reading would then indicate a shorted circuit in the holding part 
of the. circuit. 

NOTE: This circuit is normally closed due to the construction feature 
of the start-stop station. 

Continuity across hi or (CD to number 3 in the starter would incUpate a shorted circuit 
in the starting part of the circuit. 

NOTE; This circuit is normally open due to the construction feature 
of the start-stop station. 
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Figure 36. testing a Wye Wound Stator for a Shorted Circuit 
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When checking across the T numbers, (Tl, T2, or T3) it will be necessary to dis- 
connect the motor leads from the source of power, otherwise there w.U be a eontmuitv 
reading, due to n*adin^ across the motor windings. After disconnecting the motor 
leads continuity will exist when checking across T1,'T2, and T3 and a short circuit 
exists in the conduit between the motor and the starter. 

K 

Checking a wve wound rriotor for a shorted stator winding is accomplish. <.< 
shown in figure 36. ^ ^, 

K The ohmmeter will be used to check across the stator leads of tho motor w. era 
continuity should not exist. Continuity should exist between leads ! and 4. I ^ 
3 and 6, 'and. the leads of which the other ends form the wye point. T! e eM;r .a. ,r % \c> 
invoked in the wye are: leads 7, 8, and 9.. Theretore, in testing for a shorted ot:ic*\ 
if -continuity should exist between any combination of lead numbers other t. u a:i tiv-se 
which, form a winding, a short3d c stator is indicated. " \ 

Procedures for checking a delta-wound, 12-lead motor for a shorted stator winding 
is accomplished, as shown inrigure 37* 
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Figure- 37/^T^ting a 12-lead, Delta-Wound Stator for a Shorted Cir.;\iir 

exist across the foliowing'leads of a delta -wound 5lator having^! 2 
and 5^3-and 6, 7 and 10, 8 and 11, 9 and 12. Thereiore, in 
, if ?o!ttinuity should exist between any combination of num- 



" Continuity shou 
external leads: 1 and 4, 2 
testing for a shorted stator 

bers*other than those shown above,' the stator is shorted 



i Pr*)cedures for checking :i 9-Iead, delta-wound motor are shown in figure 33^ In 
the 9-lead delta motor, which is most commonly used, three winding ends are inter- 
nally connected. m Number IJ^ia connected,to,number 1, number 11 to number 3, and 
number 10 to number 2. Continuity,should exist across leads 4 and 3, 6 and 8. 5 and 
Therefore, in testing for a shorted stator, if continuity should exist becweeq any com- 
bination other than those shdwn above, -providing leads 1, 2, and 3 ar^aot us*d. :he* 
stator is shorten! Leads 1, 2> an8 3 are not used because internal leads 1U, 10„ and 
11 are connected to them. v. ■ 1 ..; /~ v ^ **' 



One of ^characteristics of a scjuirrel-cage- rotor is that it is shorted. ' However, 
if the motor has a wound rotor- it may pe necessary to check it for a shorted circuit. 
It can be checke^by using the exferndL^growler; 





t ill l M 1 1 U.^ >^ULLU> . U 1 1 1. 

• 5 2 

Figure 38. Testing a 9-Lead Delta- Wound Stator for a Shor ted Circuit 
INSPECTION PRIOR TO REPLAC EMENT OF MOTOR 

, . Motor « '^^S^JP^^SSS^^^ 

(methyl chloroform). 

CAUTION: Provide adequate ventilation both during and after use. 
Avoid prolonged inhalation of vapor, since' this cleaner has a drying effect on the skin. 

I^spect'the leads for burned, cracked, or unserviceable insulation. at - 
the pofn^f entry into the motor. Inspect the endbells for cracks and mismatch of 
matirg surfaces. 

' if the trouble cannot be detected by any of the methods listed, the motor insulation 
should be checked for breakdown. 

Slied to electrical apparatus is determination of the insulation resistance. 

s^r^ar^^K s ss- — o. 

resistance value (at approximately 75 y C) as follows: • ; 

, 220^volt motor«0. 2 megohm •* ' , 
440-volt motor —0. 4 megohm 
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A megohmmeter is normally used to test the insulation of, a group fo coils or of the 
whole motor. ^ ~ j 

A megoftmmeter is a self-contained instrument giving a direct reading of insulation 
resistance. Before using a megohmmeter, connect the leads from the ground terminal 
and the line terminal together and turn the handcranR until the clutch slips? the indicator 
should read "0, " Separate the leads and turn the handcrank again. The reading should' 
be infinity {o*>). This test indicates that the meter is operating correctly. 

To use this instrument connect the LlNE binding post of the megohmmeter to a line 
terminal of the motor, then connect the GROUllD binding post'to the frame of the motor 
and to ground, as shown ip figure 39. »Turn the crank of the megohmmeter (megger) fast 
enough to cause the centrifugal clutch to slip. Cfhe slipping of the clutch assures the 
operator that the proper voltage (500 volts) is being developed, and at the same time 
protects the instrument against overload due to excessive generatbr speed. ) Note the 
position of the pointer over the indicator scale. "**Trhe scale reads directly in megohms. 
Be sure the eye is directly over the scale and pointer to aVoid errors in reading the 
scale. Test each line terminal of the motor and compare the readings. 



TEST SET 1-4*8 , 



UNE TERMWALS 
0600NNECTED 




9 SA-201 

Figure 39. Megohmmeter 
0* 

PROCEDURES FOR CORRECTING MALFUNCTIONS 

All malfunctions in motors and controls may be corrected by t}ie Air Force elec- 1 
trician except nialfunctions in the. internal wiring of the motors. Common malfunctions 
are: * , * 



Motor does not start 




\ * Motor operates with excessive noise 
Motor runs slowly 

Motor Does Not Start * - 

The motor may not start due to a voltage failure. Check the line voltage. Check 
fei^bkQyn fuses, broken or loose connections. Any bad conductors should be replaced. 

Motor Runs Hot*^F ^ 4 

The motor'may be operating underan overload. Check the full load amperage 
'against the data plate rating. Check the rating of the overload relay against the full 
load current, 'if the rating of- the relay is too high, replace it with the proper rated 
relay. 

f Cfieck the available voltage to be sure the motor is not operating on, under, or 
over voltage. It may be necessary to lighten the load or install a larger motor. 

Ch'eck for proper motor and power connections. Be sure the motor is properly 
connected to the ..available voltage. 

Check for proper ventilation., Clean any dirt from around vents or windings. 

p Check the motor to determined it has been properly lubricated. If it has not been, 
8il it accprding to the manufacturer's instruction. 

* • * 

, The motor may overheat due to starting too frequently. Determine if the motor is' 
* rated for* intermittentoriuty. If it is not rated for the service required, replace it with 
one of proper design. 



Motor Stops Running 

If 'the motor stops running, sufficient time should be allowed for the motor control 
to cool. The reset should be pushed into locked position and the start button pushed in. 
If the motor starts, close observation should be maintained until the operator is sure 
the motor failure was not due to any severe circumstance, the recurrence of which 
would result in serious damage to the motor. A brief overload or a power failure may 
have been the cause of the failure. Occasionally the relay must be replaced due to it 
becoming faulty. If the motor cannot be restarted, it may be necessary to recheck all 
the things previously discussed under the* topic "Procedures for Correcting Malfunctions. 

Motor Operates with Excessive Noise 

Excessive noise may resfllt from the motor not being securely mounted. This 
condition may be remedied by tightening the mounting bolts and the motor support 
securely. " . • *~ *" 

Dry motor bearings may cause excessive noise while the motor is in operation. 
Proper lubrication may stop the excessive noise, providing permanent damage has not 
been sustained by the bearings. Sufficient damage to the bearings may require the < 
bearings be.rep^ced. A regular lubricating schedule should be followed, fie certain 5 
the lubricant is the type suggested by the\motor manufacturer. 

45 x * * 
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Loose rotor bars may cause excessive noise. This condition requires the bars 
be soldered or welded to the end rings. * 

Excessive noise may be the result of loose motor accessories. It may be elimi- 
nated by tightening the oil well cover arid the connection box cover, j- 

The motor may not be mounted on ajsolid surface, Replacing the mounting surface 
may quiet the operation of the motor. * \ \ 

Motor Runs Slowly 

When a motor runs slower than it is rated to run, considering slip in induction 
motors, several factors should be considered. The motor may be overloaded. Satis- 
factory service cannot be obtained unless a larger motor is installed. m 

The voltage supply may be deficient, causing a motor to run. too siGw. Correct the 
supply voltage. The voltage must be within 10 percent of the^voltage rating for the 
motor. 

The bearings of a motor may be binding which will cause the motor to run at less 
than rated speed. The bearings should belrepiaced if needed^ Cleaning and reiubnca- 
tion may correct the trouble. \ # w r 

* 1 * 

The driven machine may causfe a motor to run slowly. When it is suspected that 

the driven machine is at fault, rtiie motor should be disconnected from it& load and 

tested independently of the macnine; 

** 

Occasionally a rotor may be open. This will result in ttyfc motor slowing down un&er 
load. The rotor must be repaired or replaced: a 

• SUMMARY ■ 

The Air Force electrician is responsible for minor adjustments and maintenance of 
•motors and controls. < He should be aware of the troubles that may occur in-motors and 
controls, how certain troubles will affect the operation of the equipment and how to 
correct the trouble When it arises/ * - * . 

*»,•>.» 

The most common operational troubles will^be: overloads, failures-6f power,, , 
frozen or, worn bearings, bad connections, and difficulties arising a£ the result of ithe ' 
driven machine. < > " 9 ' «- 



Circuit faults Will arise from time to: time* They must be dealt with in a method- 
ical manner* As always .in locating circuit faults the electrician should ,star,t with the . 
source of power and work through to the motor. By following'good work practices, the 
Air force Electrician will be abl&to put tfie equipment back in service y yjlth'the mini- 
mum loss of time. % . * 
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If a motor cannot be repaired and returned^ service without compete disassembly 
it must be replaced with a serviceable one or turned into a motor shop for repair. 

Usually the source of trouble can be detected by visual inspection. In testing for 
open, grounded, or shorted windings an ohmmeter may be used. ^ ( 

QUESTIONS . t 

1. What instrument is used to check insulation resistance? 

» 

2. How does insufficient line voltage affect the operation of a motor ? 

7. How can it be determined whether the driven machine or the^motor is Responsible 
for an overload? . I ' 

4. If a motor shaft does not turn easily by hand, what is the probable cavise ' 

5. What are three things that may cause a motor to run hot? 

6. How is a grounded winding detected in a motor? 

7. How can excessive end play of'a rotor shaft be corrected ? 



REFERENCES 

TO 34Y19-1-1, Use, Care, and Maintenance of Electric Motors 
Rosenberg's Electric Motor Repair 

TO 34Y19-1-102, Maintenance of Electric Motors and Generators 
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OBJECTIVE 



SINGLE-PHASE MOTOR SYSTEMS 



To enable you to understand the fundamentals, connections, and 
motor systems. 



u^s of 



single-phase 



INTRODUCTION 



An electric motor is dehned as a rotary machine which converts electrical energy 
into mechanical energy. To be^able to properly connect, control, operate and maintain 
sinele-phase electric motors, it is necessary thatjyou know the fundamentals by which 
they operate. This study guide was developed to a d you in understanding single-phase 
motors and single-phase motor control systems. 

' i 

INFORMATION 

SECTION 1 1 
FUNDAMENTALS OF SINGLE-PHASE MOTORS 

Motors may be classed according to their construction features. The two general 
classes to be covered in this- study guide are the commutator motors and induction 
motors. Both of >hese classes of motors have a stationary field which is energized with 
alternating .current. 

Induction Motors ^ 

SPLIT-PHASE MOTORS.' Split-phase motors are usually just fractionaljiorsepower 
and are used to operate such devices as washing machines, smaU pumps"., dryers, and 
bloweKS. • 

Basically, a split-phase motor is constructed the same as a ^^-P^^ 0 .^'^ 
It hasTstator rotor, and two eftdbells. The windings are located and connected differ- 
ent ton they are in a three-phase motor. A centrifugal switch has been added to the 
rotor ™d orte endbeU See figure 40. A< rotating part of the centrifugal switch t*1 
ocaJedtite rotS and a sSary part (containing a set of contacts) is located in the , 
endbell. The purpose of this switch will be explained later in this studjrguide. - 

CENTRIFUGAL MECHANISE (ROTATING ELEMENT) 

CENTRIFUGAL SWITCH (STATIONARY ELEMENT) 




Figure 40'. Components of Centrifugal Switch 
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WINDINGS. The split-phase motor has two windings. One winding is of hsavy 
insulated copper. wire, which is generally located at the bottom of slots in the stator 
and are called "Run Windings" or M&in Windings. M The other winding is called the 
"Start Winding" and is generally located in the stator on top of the run winding. The 
start winding ajodthe mn winding are connected to power until the motor reaches 75 
percent of its maximum RPM. The centrifugal switch disconnects the start winding 
from the power. The run winding is made up of many turns of heavy copper wire ajid 
the start winding is made up of fewer turns of sma.ll wire? If the start winding was 
not disconnected after a short period of tjlme, it will burn up. 



.CENTRIFUGAL SWITCH. The rotating part of a centrifugal switch is a mechanical 
mechanism that relies on motion and flyweights to operate. As the rotor turns the 
flyweights^ are pulled out by centrifugal force. This applies pressure to the closed 
contacts of the switch causing them to open. These contacts are in series with the 
start winding. The opening of the contacts will deenergize the start-winding. See- 
figure 41. 

OPERATION. When a split-phase motor is started, current flows through both the 
running and the starting winding. This causes a magnetic field to-be formed inside the 
motor. The magnetic field induces a current in the rotor windings, which. v in turn, 
causes a magnetic field in the rotor. The magnetic fields combine in such a manner 
as to cause rotation of ,the rotor. The start winding is necessary at the start in order 
to produce the Rotating field effect After the motor is funning, the start winding" is 
no lon^fr needed and is cut oui of the circuit by means .of the centrifugal switch. After 
the start windings are cut out, ihje motor operates on a shifting magnetic field. 

Capacitor Motors 

Capacitor motors are made in sizes ranging from 1/20 to 10 horsepower. The/ „ 
are widely used td operate refrigerators, washing machines, air compressors, air 
conditioners, and fans. 



A capacitor motor is constructed similarly to a^split-phase motor, 
has been added to give the^motor betteVssia/ting torque. 



A capacitor 



CAPACITOR -START MOTHDR, A capacitor-start motor is an improved version of 
the basic split-ph&se type motor. An intermittent type of capacitpr is connectedln^ 
series with the start winding. When the motor reaches 75 percent of full speed,, the 
centrifugal switch cuts out the start windings and the capacitor. The capacitor added 
in the start windings gives the motor a greater starting torque than a basic spl^t-p^ase' 
motor. , 



To creates starting torque in a capacitor motor, a better rotating magnetic field 
has to be established inside the motor. This unaccomplished by placing the starting 
winding out of phase with the running windings by more electrical degrees. A capaci- 
.tor is used to cguse the curfent in the start winding to reach its maximum value before 
the current in the running winding becomes maximum. Actually the capacitor causes 
the current in the start winding to lead the" current in the running windi^g^^his causes^ 
a, revolving magnetic field in the stator which induces a current in the rotor and causes'" 
it to rotate. v \ 



ou 
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CONTACTS CLOSED 
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FLYWEIGHTS AT REST 



CENTRIFUGAL SWITCH IN STARTING POSITION 




FLYWEIGHTS HAVE OVERCOME 
SPRiraG TENSION 



CENTRIFUGAL SWITCH IN RUNNING POSITION 
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Figure 41., Centrifugal Switfch 
di ■ 
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PERMANENT-SPLIT CAPACITOR MOTOR. The permanent-split* capacitor consists 
of a standard split-phase type stator, a squirrel-cage rotor,"a capacitor and endbells 
This^is another version -of the basic split-phase motor. A permanent type capacitor is 
connected^ series with the starting windings and left in the circuit at all times The 
starting windings in fti* motor are not a high Resistance winding and have the same num- 
ber of turns^and wire size as. the run windings. The capacitorTs used instead of resis- 
tance to give, the split-phase, effect This eliminates the need for a, centrifugal switch 
in this motor. The capacitor is continuously rated and is selected to give* best opera- 
tion at full speed while sacrificing starting torque. The permanent.-split capacitor 
motor has the operating characteristics of poor starting torque with a high current draw ' 
but runs with a good torque under load, at a constant speed. 



Commutator Motors *** 



Single-phase commutator motors have a drum-wound armature, commutator, and ' 
brushes. This study guide will cover the simple rpplusion, repulsiqn start-induction' 
run, repulsion induction, and universal^ s 

SIMPLE REPULSION MOTOR. The simple repulsion motor consists of a single 
concentric type stator, a wound rotor, a commutator/ two carbon brushes, compensat- 
ing windings, and endbells. The stator windings and the compensating windings are 
connected 4 in series. The compensating'windings are used to improve the powtfr factor 
in this,motor. Two carbon brushes are employed on the commutator. The two brushes 
are short-circuited to each other. This motor has the operating characteristics of 
high starting torque and low starting current draw. Although its starting torque is use- 
ful, its large variation of speed with load is not desirable in many applications. This 
motor is commonly made in»slzes from 1 to 10 horsepower and is used to power such • 
.load ^ conveyors, smalj. compressors and woodworking equipment.^ The simple repul- 
sion motor is ghown in figure 42. 

* •? * > 

REPULSION ^ART-INDUCTION RUN MOTOR. The repulsion start-induction run 
motor consists of a single concentric type stator, a.wound rotor, -compensating windings, 
a centrifugal device, and endbells. This type of repulsion motor uses four carbon 
brushes; two are short-circuited together, the other two brushes are connected in series 
with the compensatingwinding. The compensating windings in this motor are used to 
improve the power factor during the starting period. Thfe centrifugal device used in 
this motor consists of a shorting ringed a brush lifting mechanism. As the motor 
reaches approximately 75 percent of its rated 'speed, the centrifugal -device forces 'the 
short-circuiting ring into contact with the inner surface pf the commutator segments 
and converts the motor into an inductioa motor. At the same time, the centrifugal 
mechanism raises the'brushes, which reduces wear of the brushes and commutator. 
This motor has the operating characteristics of high starting torque with a low current 
draw and a consfcrntounning speed under load. The repulsion start-induction run* motor, 
shown in figure 43? is made in sizes from 1/4 to 10 horsepower suid is used to power 
such loads as compressors, fans, pumps, stokers, and farm -mac^hinfcry. 



SHORT CIRCUITING RING 



FI610 WINDING ARMATURE 
1.1 . nr*nrrv*r> 



LINE TERMINAL 





COMPENSATING WINDING 
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Figure 4*2. Schematic Wiring Diagram 
of a Single-Phase Repulsion Motor 

* REPULSION-INDUCTION MOTOR. 
The repulsion-induction motor consists 
of a single concentric type stator, a com- 
bination rotor, a commutator, brushes, 
compensating winding? and endbells. This 
type of motor has four-carbon brushes, 
two being short-circuited together; the 
other two brushes are in series with the 
compensating windings. The compensat- 
ing windings in this motor are used to 
improve the power factor of the motor • 
and to reduce some of the sparking at. the 
brushes. * This motor does not have a' 
centrifugal switch or device but instead 
has a squirrel-cage winding on its rotor 
in addition to a ^ound rotor. , Rotors of this 



RADIAL CENTRlFUGAt! MECHANISM i 

i -COMMUTATOR 

Figure 43.^ Repulsion-Start induction- - 
~Ru-n Motor Rotor 



Vine terminal 



TfiELD winding 



ARMATURE 




COMPENSATING WINDING 



Figure 44. Schematic Wiring diagram 
of a Single -Phase Repulsion -Induction 
Motor 



reaches Derating spied, the frequency of the induced rotor currents is low, so toat 
camnt f°Sws more in the squirrel-cage winding] and the motor operates as an inducttofl 
motor S motor has the operating characteristics of high starting torque with a low 
Purrent draw L a constant running -speed unde< load. The major disadvantage of flue 
motor is-that the brushes remain on the commutator, causmg ™*^»S£?£tD 
maintenance The repulsion-induction motor shown in figuce 44 is made in sizes up to 
To however and L used to power such loads" as printing-presses, textile machines, 
and ?auX extractors. To *verse f the direction of rotation the pushes must.be 
shifted past the neutral plane. u k 

Universal Motor • ^ \S , f ~ - 

A universal motor is one that cooperate oil either ■^■^^£^^2'^ 
or direct current. These motors are normally made in sizes ranging f row _1/200 to 
3/4 horsepower. They are obtainable in much lirger-sizes for special conditions. - The 
iVacUonXripow^r'sizes are used on vacuum cleaners, -w^machines, to£ 
"mixef s? and power handtools. There are.several types 6f universal motors, however, 
the salient pole type is more.popular than- the father types. 

. . - 5)3 • , . , - • . . ' 
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The salient polg type consists of a stator withr two concentrated field windings, a 
wound rotor, a commutator, and brushes. The stator and rotor windings in this motor 
are connected in series with the power source. Two carbon brushes are employed in 
this motor and remain on the commutator at all times. These two brushes are used to 
connect the rotor windings in series with the field windings and the power source See 
figure 45. 



FIELD WINDING 




A -SINGLE -PHASE 

STRAIGHT SERIES WOUND UNIVERSAL MOTOR 



Figure 45. Universal Motor 

The universal motor does not operate at a constant speed. The motor runs as fast 
as the load permits—low speed with a heavy load and high speed with a light load. 
Universal motors have the highest horsepower to weight ratio of ail of the types of 
electromotors.. 

SUMMARY % " <• 

To develop skill and proficiency in the connecting, operating, and maintaining 
1 singie-ghase motors, you should know.as much about them as possible. * 

. The various types of single-phase motors are capacitor start, split-phase, universal 
motors, and repulsion motors! All of these motors operate on the principle of inter- 
action between magnetic fields, the major difference between single-phase motors is 
usually in the methodised for starting. Capacitor start motors, of course, employ 
<the use of a capacitor to throw the Starting current out of phase with the running current. 
|This acts to shift the magnetic fields acting on the motor rotor to provide starting torque. 
^Universal motors have a wound rotor the same as a direct current motor but they are 
^designed* to operate both on-ac and dc. Split-phase motors have a separate starting 
winding which serves to affect the necessary phase shift for starting. 

QUESTIONS . *• 

.1. Wfiat is the purpose of the capacitor on a capacitor motor? \, 
2. Splft-phase and capacitor motors have what type of rotor? 
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3. How is a repulsion-induction motor reversed? 

4. Universal motors are commorilv used for wjiat type of loads? ' * 

5. Which induction motor discussed does not have "a centrifugal switch 

6. ' Which motor uses a centrifugal device?* 

"7. Two classes of single-phase aiotors are » and 

8. -What purpose does the centrifugal switch have? 

9. Which motor jias powjec to both the rotor 'and stator? 

10. Compensating winding is used for what purpose? 4 

REFERENCE % 

* • * * 

TO 34Y19-1-1, Use, Care, ancTMaintenar*ce'of Electrical Motors 

TO 34Y19-1-102, Maintenance of Electric Motors and Generators 

Electric Motor Repair, Robert Rosenberg 

Electric Motor Controls, Delmar Publishers. 



National Electrical Code 

» 
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SECTION 2 
SINGLE-PHASE MOTOR CONNECTIONS 

Spiit-phase and capacitdr start motors are made for either single or dual VQltage 
operation. The single voltage, Nonreversible type will have only two leads— 1 and 2. 
The single voltage reversible motor will have four leads numbered 1, 2, 5, and 8. A 
dual voltage nonreversible motor will have four leads numbered 1, 2, 3, and 4. The y 
dual voltage revei%ibie motor leads* will be numbered 1, 2, *3, 4, 5, and 8. Leads 
i)umber£cK6 and 7 are termirytts^oT coils which are connected internally. 

In order to operate a dual voltage motor on the high voltage? the running winding 
must be connected in series as shown in figure 46. Leads 2, 3, and 8 are connected and 
taped; leads 1 and 5 connect together and goes to power. Lead 4 goes to power, see 
figure 46, * 

To operate on the lower voltage, the running windings are connected in parallel. 
Leads 1, 3, and 5 are connected together, ^then to power. i,eads 2, 4, 8 connect 
together, then to ground, see figure 47, 



RUNNING STARTING 
WINDING 3 WINDING 




Figure 46, Schematic of Suigle-Phase Motor Windjjigs* 
Connected for High Voltage— 220 Volts 

The starting winding is always connected in parallel with the running 'winding, 
regardless of which voltage (high. or low) is connected to the motor. The starting 
winding, cannot at any time have more than 120 -volts aqross it. 
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Figure 47* Schematic of SingLe- Phase Motor Windings 
. Connected for Low Voltage — 110 Volts 

To reverse, direction of rotation of a single-phase induction motor, the start wind- 
ing leads must be interchanged. Leads-5 and 8 arethe start winding leads. High volt- 
age would be leads 2, 3, and 5 connected together and taped. Lfeads 1 and 8 are con- 
nected, together, then to power, and lead 4 connects to power. Figure 48 shows these 
»■ connections. The same method is used for low voltage,- Leads 1, 3 f and 8 connect to 
power and 2, 4, and 5 to ground. 
♦ 




Figure 48. Reversing Direction of Rotation of a .Single- Phas* Motor 
Connected for High Voltage 



SUMMARY 



Single -phase motor connections can change the operation of the motor from singie.- 
'voltage, nonreversible to <iual-voltage reversible. The number of motor leads will 
vary in number'from 2 to 6 depending on its use. For high voltage the run winding and 
start winding are connected to f or nua-series^par alle 1 circuit. For low- voltage the^two 
windings ar§ connected^to form a parallel circuit To reverse direction of rotatioa, 
the start winding leads must be interchanged. 

QUESTIONS . 

1. e Explain how the leads are connected on a split-phase motor connected for high' 

voltage. 

2. Explain how the leads are connected on-a split-phase motor connected for low 
voltage. 

3. -Leads 5 and 8 are the ends of which winding in a split-phase motor? 

4. How can a split-phase motor be reversed? 
REFERENCES I 

TO 34Y19-1-1, Use,. Care, and Maintenance of Electrical Motors 
TO 34Y19-1-102, Maintenance of Electric Motors and Generators, 
Electric Motor Repair, Robert Rosenberg 

Electric Motor Controls, Delmar Riblishers » a 

National Electrical Code 




SECTION 3 
SINGLE-PHASE MOTOR CONTROLLERS 

Single-phase motor controllers are constructed and operate similarly to three-phase 
motor controllers. Where switching in three conductors is required in three-phase 
motor systems, only one or- two conductors require switching in single-phase motor 
systems. , * . , 

Magnetic Line Voltage Starters t 

Single-phase magnetic starters have the same circuits as the three' starters, (Power, 
£ontroU__Load t Starts and Holding). They have only two main or load contacts Ad one 
overload protective relay. The coil in the starter is usually wound for dual voltage 
(120/240) and is labeled or color coded. The red -lead Js .the Common and is used with 
either 120 or .240 volt power connections. The tfjiite lead is used when low voltage ^ ; ■ * 
(120 volts) connections are required. The black lead is used wl\en high voltage (240 volts/ 
power is required. * 4 

Figure 49 shows a single-phase magnetic smarter and motor with low voltage con- 
nections. The circuits of a magnetic starter are broken down as the control circuit, 
figure 50 thS starting circuit, figure 51 the holding circuit, figure 52 and the load 
circuit, figure 53, ^ 




The part of the magnetic starter circuit from contact 3 to coil to reset to L2 is 
the control circuit/ as shown in figure 50. . / 




Figure 50. Connecting the Control Circuit in a Magnetic Starter . 
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The starting circuit, as shown in figure 51, is Li-or 1 in the magnetic starter to 
terminal 1 on the .stop button, to 2. which is the jumpered side of the stop-start statfon. 
When start lutton us pushed contimnU is made from the jumpered side <>l the start 
button to terminal 3 and from there to 3 in the magnetic starter/ 



T^REE- PHASE POWER SUPPLY 



■NEUTRAL CONNECTS 
TO STARTER WHEN 
NEEDED. 



NEUTRAL BUS ' 




t 
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Figure 51. Connecting the Starting Circuit in a Magnetic Starter 
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A holding circuit must be used when a start station is spring-loaded to 
position. The holding circuit is from 1 to L2 in the magnetic? starter to 1 <; 
station, across to 2 oh the stop" station and- to 2 in the magnetic starter. F 
shows this circuit 




The load circuit connects <he » »J»»S^£, E5f25*E mot 
!5T?SSS^tSM Se - show, in , 

figure 53. % ♦ 
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Figure 



53. Connecting, the Load.Circuit in a Starter 
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Drum Control 
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Figure 54. Single-Phase Drum Control 



Hand-Off -Automatic Switch, , 0 

operate or automatically operate a motor system. See figure 55. ^ 




AUTO 



WANO 



Figure 55. rfand-OttAwtomitic Switch 



HOA switches are used in many different control svstems. Figure 56 - V'« ' 
example of one of the control systems where this switch is used. 




figure 56. HOA Switch Used in Motor Control "System 

When the switch is turned to the automatic positioiwthe thermostat contacts mu<= 
before the magnetic starter will energize. In the TR&id position the therrnqsu- s 
passed and the magnetic starter will energize. • ' 

SUMMARY * * 

Single-phase controls are different from three-phase in theis construction 
because protection and switching are not required in as manv conductors. Dr:r: 
strollers are used to start, stop, and reverse motors. 

-a • • 

HOA switches provide manual or automatic control selection for cBntrol s'"*r. 
QUESTIONS ' 

1. t What is the purpose of a drum controller? . 



2. What is the reason for a dual voltage coil irTa single-£hase magnetie starrer 



How many sets of majn contacts does a£ ingle-phase magnetic starter have ? 



4. How many overload relays are there in a single-phase magnetic starter? 

% . 

5. How many positions are there on- a HOA switch? A 

REFERENCES . x . * 

TO 34Y-1-1, Use, Care, and Maintenance of Electrical Motors 

TO 34X19-1-1'9. 2 > Maintenance of. Electric Motors and Generators 

Electric Motor Repair, Robert Rosenberg 

Electric Motor Controls^ Delmar Publishers 

* « 

National Electrical Code 

'Unit/Issue 
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Department of Civil Engineering Training , SG S^* 5423 ?-}-™" 4 

Sheppard Air Force Base, Texas ' 

TROUBLESHOOTING ISINGLfi-PHASB MOTOR SYSTEMS 

OBJECTIVE ' . 

The objective of this study guide is to help you become familiar with the procedures 
for S^bleshooting, testing, m^ntaining, and repairing motors and motor control 
systems. 

INTRODUCTION 

Motor failure may be due to a number of causes. Some of the things that may 
• cause motor failures are an pverload, low or high voltage, frozen or^om motor 
bearings, failure of motor windings, and failure of motor controls. 

CONDITIONS THAT CAUSE MOTOR TROUBLE 

Manv things that cause motor failure are not the fault of the motor Several 
condSs wSich may cause motor 'fatfure are listed below. These condit^s should - 
S checked before disconnecting electrical powerlines or troubleshooting the 
electrical system. v * 

♦ * Overload * - * 

c 

* Loss of Power * 

* Driven Machine Blocked ' 

t 

* Frozen or Worn Bearings 

* Bad or Improper Connections ; 

Overload t ' . " *^ . 

If a single-phase motor has been operating satisfactorily and suddenly stops a 
t^noriv overload condition may exist. Sufficient time should be allowed for the 
SSKTde^S ^?o cool before acL'ating the reset device, If sufficient cooling has , 
ol^red the reset will hold in the locked position and the normal starting operation 
- can^S foSowed T Se motor fails to start, °a systematic procedure should be employed 
?oT locating the trouble. Check current draw with an ammefer to determine if the .. 

motor is overloaded,* 1 ' * * 

't 

Loss of Power , . 

, Use' a voltmeter to determine if power is being supplied to the magnetic starter. ^ 
Likewise determine if power is being supplied to the motor. 



3/5 



Bad or Improper Connections , • ( 

chec B ^° re Det^mfnf ifT^V r r the "~ a11 electrical "actions should be , . 
.elected Determine if the control connections are ^accordance wi'th the contrnl 
mring diagram 'When the control connections have been checked, th- termtaai lead 
connections in both the control apparatus and to the motor should be checked 

s ^ J ^ rS ni th w Z Snd r0t0 f S more ^^eptible to malfunctions due to their con- 

* aan uisulati0 - 1 checks wh *<* are similar to the stator wtadta? 
Sn^n aVe °? enS CaUSed by oye rheating and melting of the solderedWec- 

£W «e~ rs ' Conductors must 136 re?oWlred t0 * e ST 

hmSSf Xf 3 -h tha i ba T e T 0 ™ t0 haU ^^original length must be replaced." Ch-ck ' 
m?vtmen% b noltr!^ S ' W ^ co -ect tension, an/freedomo^ 

Driven Machine Blocked ' • . ' ' 

, . Det6 f m ine if the driven machine is at fault. Disconnect' the motor from its load ' ' 

m^f" S° r f h8ft ° f 018 motor by hand b determine if rotation "See ^7 
accomplishing this,' it can be determined if the driven machine is at fault. 7 

Frozen or Worn Bearings 

hP „P*L 0 H P f 1116 m ° t0r With0Ut 016 load of 4116 driven" machine. Lubrication may ' 
be needed and in some cases will free the rotor. If the bearings are frozen o -stack / 
it may be necessary to take the motor apart to free the bearing K tae rotor shaft ( 
JjU torn,, look for wobbling, which indicates a bent shaft. Before h*nd!tag tas shift 
however, put on gloves, or use apiece of cloth/ to insure against injury to hands • 

up and down play (movement. ) Any noticeable movement indicates worn bearini 
which may be causing the rotor to be dragging in the stator. This is probaSewhen 

nn 111 T The bwrto « 8 should 136 "Placed if up and do™ movement is 

noted. Also check for rotor end»play. This is notedly moving rotorThaf :taatd aft 
•SSfJ * ^ ^ n6t . detrimenta1 ^ howe ^r, if should ntf S 58 1 52 taif <yJt ' 
Excessive end play may be removed by adding fiber spacer washers. 

Other things to check are: misalignment of endbells, a loose pole piece or foreign > • 
Syzed ""^ * ** 18 mechanical > motor Kite are > taen* 

PROCEDURES FOR TROUBLESHOOTING MOTOR SYSTEMS " ' 

f^lte U ji? C n^ aLcirCUi ?J^ e ^ bieCt t0 three common malfunctions. These circuit 
faults are: open, grounded, and shorted circuits. 
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Open Circuits 

* * * 

Starting with the source of power, an open circuit* may exist at any point between 
there and the rotor of the motor. It is necessary to isolate the trouble. This must 
be accomplished on a step-by-step basis. Make the following checks on the equipment 
shown in figure 57. 

Check with an ohmmeter from the source of power to the line terminals of the 
starter/ making sure continuity exists at the starter line terminals, LI an&L2. 
Make sure of a continuous circuit between the §tart-stop station .and the starter. This 
calls for checking the starting circuit from the starter to the switch, if the motor will 
not start: and the holding circuit from the starter to the switch, if the motor does not 
operate after releasing the start button. NOTE: THE CONDUCTOR CONNECTED TO 
LI IS COMMON TO BOTH TEE STARTING .AND HOLDING CIRCUIT. Make sure there 
is a continuous path for current flow from the switch side of the starter through the 
holding coil and through the resets, back to L2. This Circuit normally is from switch 
terminal 3, to starter terminal L2. Be sure you ha.ve continuity through the heaters. 
Raise the armature until the contacts are closed and check for continuity between LI 
and Tlf L2, and T2. If there are no opens to this point, power should exist t6 the 
motor terminals, Tl and T2 of the starter, when the start button is pushed. 



THREE-PHASE POWER SUPPLY 
L t L 2 L 3 




Figure 57. Single-Phase Motor Control System' 
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Chack'for continuity between the starter terminals, Tl and T2,and the 
terminals, x Tl and T2, If we have power to the motor terminals it \yill be 
to check the stator of the motor for an open circuit. , This is done in a single-pha^? 
motor, as shoym in figure 58. < wooing 3 




Figure 58. Testing the Stator of a Single -Phase Motor 
for an Open Circuit' 

Disconnect the motor leads from the power leads. Check for continuity between 
\eads 1 and 2, 3 andjl, 5 and 8. _ 

♦ 

There is little likelihood that a squirrel-cage rotor will be open. If an open c»o * 
exist, the motor siowsdown under load. It also has low starting torque. Signs of 
heating are usually evident. Fractures in the rotor bars are usually found either n 
the connection to the end rings or at the point the bars leave the laminations. If > l - 
motor has a wound rotor, it may be necessary to check it for an open cirduit by 
using the external'growler. I : 

INSPECTION PRIOR, TO REPLACEMENT t)F MOTOR ' 

Motor troubles can sometimes be determined visual inspection. Before acu 
disassembly of a motor, wipe all excessive dirt and grease from the surfaces* with 
clean cloth moistened with a safety type solvent such as technical trichloromethiu . 
(methyl chloroform). 

CAUTION: Provide adequate ventilation both during and after use. 

Avoid prolonged inhalation of vapor, since this cleaner h^s a drying effect on-the sr 

Inspect the leads for burned, cracked, or unserviceable insulation particularly 
the point of entry into the motor. Inspect the endbells for cracks and mismatch 
mating surfaces. 

If the trouble' cannot be detected by any of the methods listed, the motor insula*: 
should be checked for breakdown. 

Insulation tests are made to determine condition, rather than quality of insulate 
the tests indicating presence of mositure, dirt, or carbonized material without bret 
inr down the insulation are the most satisfactory. 4 The service test most generally 
applied to electrical aoparatus is determination of the insulation resistance. 



Megohms of resistance between winding and ground indicate insulatio.i condition if 
a comparison with several previous readings is made to determine improvement or 
deterioration. All readings should be taken under the same conditions with the machine 
at normal working temperature. If tests are not made under the same temperature aid 
humidity conditions, the insulation resistance will vary. The temperature and humidity 
must be recorded at the time the insulation resistance tests are made. Standards of 
the American Institute of Electrical Engineers (AIEE) establish the normal insulation- 
resistance value (at approximately 75°C) as follows: 



\ 



220-volt motor— 0.2 megohm 
440-volt motor— 0.4 megohm 



A megohmmeter is normally used jto test the insulation of a group of coils or of 
the whojle motor. 

A megohmmeter is a self-contained instrument giving a direct reading of insulation 
resistance. Before using a megohrpmeter, connect the leads from the ground terminal m 
and the line terminal together and turn the handc rank until the clutch slips: the indica- 
tor should read "0, " Separate the leads and turn the handcrank again. The reading 
should be infinity This test indicates that the meter is operating-correctly. 

- To use this instrument connect the LINE binding post of the megohmmeter to a line 
terminal of the motor, then connect the GROUND binding post to the frame of the motor 
and to around, as shown in figure 59. Turn~the crank of the megohmmeter (megger) > 
fast enough.to causithe centrifugal clutch to slip. (The slipping of the clutch assures 
the operator that the proper voltage (500 volts) is being developed, and at the same 
time protects the instrument against overload due* to excessive generator sp^ed.) 
Note the position of the pointer over the indicator scale. The scale reads directly in 
megohms. Bfe sure the* eye is directly over the scale and pointer' to avoid errors ih 
reading the scale. Test each line' terminal of the motor and compare the,readings. 
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TEST SET 1-48*8 



LINE TERMINALS 
OSCONNECTED 




•SA-201 



Figure 59. Megohmmeter 



PROCEDURES FOR CORRECTING MALFUNCTIONS 

All malfunctions in motors and controls may be corrected by the Air Force e : * 
ttician except malfunctions in the internal wiring of the motors. Common malfu. 
ars.:' " * ' . • ■* , , 

* Motor does not start 

* Motor r\ms hot 

'* Motor stops' running 

* Motor operates with excessive noise 

*• Motor runs slowly ♦ 

» * « 
Motor Does Not Start 0 

The motor may not start due to a voltage failure. Check j;he line wltage. CK" 
for blown fuses and broken or loose connections. Any bad conductors should 'be i ~ . 

Motor Runs Hot ' v • 

The motor may be operating under an overload. Check the full load amperage , 
against the data plate 'rating. Check the rating of the overltia4 relay against the t j 
load current. If the rating of the relay is too high, /replace it with the proper rat*/ 
relay. . . 

.Check the available voltage to be sure' the motor 'is not ope rating *o.i under, 
over voltage. It may bs necessary to lighten the load or install a larger motor. 

• ■ ■ " * 

Check for proper motor and pow^r connections. Be sure the motor is proper." 

connected to the available voltage/ ' * * 

Check for proper ventilation. -.Clean any dirt from around vents or windings. 

Check the motor to determine if it has been properly lubricated.. If it lias not 
been, oil it ^according to the manufacturer's instruction.* 

fl * 

\The motor majr overheat due to starting too frequently. Determine if the mot : 
rated for intermittent duty. If it is not rated for the service required, replace u 
one of proper design. * , 

Motor Stops Running 1 

It the motor stops running, sufficient time should be allowed for the motor c > 
to cool. ,The, reset should be pushed into locked 'position and the start button pustu : 
If the mptot starts, close observation should fce maintained unt|i the operator, is sur 
the motor failure was, not due \b any severe circumstance, the recurrence ol whien 
wobld result in serious damage to the motor. A brief overload or a pp.wer*faUure n 



— ^ . If, * 

have been the cause of the failure. Occasionally the relay must be replaced due- to it 
becoming faulty. If the motor cannot be restarted, it may be necessary to recheck all 
the things previously discussed under Uje topic "Procedures for Correcting 
Malfunction^.- \ , 

Motor Operates with Excessive Noise 

Excessive noise may result from the motor not being securely mounted. This , 
condition may be remedied by tightening the mounting bolts and the motor support 
securely. 

Dry motpr bearings may cause excessive noise while the motor is in operatio.i. 
-ft-oper .lubrication may stop the excessive noise, providing permanent damage has 
not been sustained by the bearings. Sufficient damage to tha bearings may require 
the bearings be replaced, A regular lubricating schedule should be followed. y Be 
certain the iu^ricajit is the type suggested by the motor manufacturer. 

Loose rotor bars may cause excessive noise. This condition requires the bars 
be soldered or welded to the end rings., 

"Excessive noise may be the result of loose motor accessories.^ It may be elimi- 
nated by tightening the oil well cover and the connection box cover. 

The motor may not be mounted on a solid surface. Replacing the mounting surfjice 
may quiet the operation of the motor. w * 

Mocor Runs Slowly m 

When a motor runs slower than it is rated to run, considering slip in induction 
motors and that there is 'no overloading of the motor, then other factors must be 
considered. — ■ — 

9 

The voltage- supply may be deficient, causing a motor to run too slow. .Correct 
the supply voltage. * The voltage must be within 10 percent of the voltage rating for 
the motor. 

The bearings of a motor may be binding-which will cause the motor to run at less 
than rated speed. The bearings should be replaced if needed. Cleaning and 
relubrication may correct the troubl^ 

* 

The driven machine may cause a motor to runfclowly* When it is suspected that 
the driven machine is at fault, the motor should be disco.anected from its load and 
tested independently o! the machine. 

^Occasionally a rotor may be open. This will result in the motor slowing down 
under load. The rotor must be repaired or replaced: 

When troubleshooting single-phase motors you should check for such items as 
.bad centrifugal s\yitches, bad brushes, and bad capacitors. 
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If a split-phase motor hums but will not start, the trouble will probably be.in tl 
centrifugal switch or bad start winding$. This -same problem with a capacitor stai 
motor might mean the motor has aba4 capacitor.. All other checks are the same f 
either single - or three-phase motors. ' t 

SUMMARY 

Th8 Air Force electrician is responsible for minor adjustments and maintetui" 
motors and controls. He should be aware of the troubles that may occur in motor 
and controls, how certain troubles will affect the operation of the equipment an.1 h 
to correct the trouble when it arises. ^ 

% The most commda operational troubles will be: overloads, failures of power, 
frozen or Worn bearings, bad connections, and difficulties arising as th£ result o: 
the driven machine. 



Circuit faults will ari'sQ from time^to tiriie. They must be dealt withj in a met? 
ical manner. As always in locating circuit faults the electrician should start with 
the source of power and work through to the motor. By following good work pract: 
the-Air Force electrician will be able to put the equipment back in service with 
minimum loss of time/ 

If a motor cannot be repaired and returned to service without complete disa^se 
it must be replaced with a serviceable one or turned into a motor shop for repair. 

'Usually the source of trouble can be detected by visual inspection.. In testmg : 
open, grounded, or shorted windings an ohmmeter may be used. 

QUESTIONS „ 

1. What instrument is used to check insulation resistance? 

2. How does insufficient line voltage affect the operation of a motor? 

3* How can it be determined whether the driven machine or the motor is respons 
for an overload*? " t % 

4. If a motor shaf^does not*turn easily by hand, what is the probable cause? 

5. ' Whafe-are' three things that: may cause a moto£ to run hot? 

6. How is a grounded winding detected in a motor? * 

7. How can excessive end play of a rotor shaft be corrected? 

8. How will a centrifugal switch that will not reclose affect the operation of a mc 
REFERENCES . \ 

TO 34Y19-1-1, Use, Care, and Maintenance of Electric Motors 
Rosenberg's Electric Motor Repair 

TO 34Y19-1-102, Maintenance of Electric Motors and Generators 
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MOTOR GENERATORS, CONTROL PANELS, AND CIRCUIT BREAKERS 
OBJECTIVE 

The objective of this study guide is to help you identify the major components and 
understand the operation and circuit arrangement of a motor generator set and 
motor control centers. -^S 

INTRODUCTION 

In large factories and complexes it is often desirable to provide a centralized 
control point for many motors required for operation. The control center serves as 
a.housingfor switches, circuit breakers, meters, transformers, contactors, and 
relays." 

It is necessary for the electrician to be able to recognize the various components, 
understand how to operate-a motox; control center, and be able to interpret the wiring 
diagrams so that troubles can be eliminated without undue loss of time. 

SECTION 1 

MOTOR CONTROL CENTERS 



Motor control centers provide an ideal means of centralizing motor control and 
related control equipment. They permit motor starters, feeder breakers, distribution 
transformers, lighting panels, interlocking relays, and metering devices-to be contained 
in a single floor-mounted enclosure and fed from a common enclosed bus. Motor con- 
trol centers are made up of standardized vertical sections housing vertical and hori- 
zontal bus, wiping channels and compartmented control units. Sections are bolted to- 
gether to form a single panel assembly. Control units are mounted and wired. The 
e/itire center is powered by line connection at a sing^ point 

Mgtor control centers offer grouped-control installation and operation advantages. 
Design flexibility— performance— safety for personnel, and equipment ease of mainte- 
nance and installation, are all contained in a motor control center. 

Steel-enclosed control centers can be joined together to centralize and protect the 
most complex systems of auxiliary drives, or the simplest of fjfh or pump motor con- 
trols. Motor control centers factory mount motor starters in isolated compartments 
within a control center minimizing valuable floor space normally required to mount 
individual starters on w&is or racks* Savings result from elimination of the cost of * 
field mounting of individual starters. The costly expenses of conduit runs, pull boxes, 
junction boxes', and wire and cable pulling are reduced. These'expenses can be con- 
trolled, and economically performed in factory assembled and tested control centers* 
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COMPONENTS 

The following is~ali£t^>f components on the face of a motor control center and 
their uses. / T 

1. Control Switches - for main circuit breakers. % 

2. ^Pushbuttons, - for motor control through control circuits of magnetic starters. 

3. Indicating Lights - to monitor individual circuits.. 

4. Time Meters - record hour's of operation. 

> 5. Ammeters y: to read amperage on individual phases. 

' 6. Voltmeters - to indicate incoming voltage on individual phases. 

7. Metering Switches - for phase selection, % 

8. T*ime Clock - used to turn circuit on or off at a predetermined time. 

» 

HOA Switches/ HOA means Hand-Off -Auto and is used with a combination motor 
starter and circiiit breaker. To start, move the handle to the HAND position, which 
also closes the magnetic niotpr starter contacts. Then switch the handle to AUTO and 
the motor will run until stopped by the opening of any pair of^oritacts in series with the 
operating circuit. You may also stop the motor by manually switching \o the OFF posi- 
tion. HOA switches are used in the motor control center for the operation of pumps. 

The electrical components located within the motor control centerjnclude circuit 
breakers, control transformers, contactors, and relays- 

Circuit Breakers • * * 

Circuit breakers are the jnost common type of short-circuit protective devices. 
^Circuit breakers offer these featured all three circuit phases trip at one time elimi- 
nating the possibility of single phasing. No replacement is normallyrequired to re- 
close a circuit after a fault. Isolation and circuit protection are prodded in one device 

*To protect against damage from short circuits, a control center must have the 
capacity to withstand and successfully interrupt the maximum short-circuit current 
available at the incoming line terminal. To provide protection a circuit breaker can 
• be used as a main protective device. When a circuit breaker is used as the.main pro- 
tective device, it is important that an instantaneous trip be provided for protection pf 
the control -center bus and power wiring. An instantaneous trifT is retired to remove 
the control center from^ftie line quickly should a bus fault Occur* 

Two types of circuit breakers jised in low- voltage controllers are molded case^ • 
circuit breakers and switchgear type power -circuit breakers. These breakers have 
adjustable trips and visible contacts, and are available in both stationary and drawout>, 
construction. The molded case circuit breaker is thermal-magnetic-type with adjust- 
able instantaneous trip. Operating handle integral with breaker indicates breaker pcsi 
tion whether door is open or closed.. Handle, can be padlocked in off petition. 



vControl Transformers ', 1 ^ t \ * 

These are used to step down 48(Tvolts to 120 volts for use in control circuit?. Each 
transformer is protected from short circuits and overloads by cartridge fuses^ 

Contactor^ * 

Magnetic type contactor with built-in overload^otection. Controlled by HOA 
switches, float switches, thermostats, etc. Usually 110V control voltage ancj 220/440 
volts operation, t • 



Belays 



•For control, .may be pulMn, drop-out, or time delay. 

*■ 

CIRCUITRY 



% Figures 60, 61, and62 are diagrams of typical control centers/ Study these dia- 
grams carefully. The instruct^ will discuss eactr-of these diagrams. 

✓ . > 

Failure to close briers and switches in proper sequence ,wiii prevent proper 



operation. 
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Figure 60 Characteristic Wiring Diagram Controlled by Manual and Float Switches 
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Figure 61. Diagram Incorporating Manual, Float, and- Microswitches for Contro 
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"igure-6-2. Wiring Diagram Incorporating Manual, Pressure Pushbutton and Microswitches 
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SUMMARY 

MotoY control center provides an ideal means of centralizing motor control and 
related equipment. It offers grouped-controi installation and operation advantages. 
Design flexibility— performance— safety for personnel, and equipment ease of mainte- 
nance and installation are all contained in a motor control center. The cost expense 
of conduit runs, pull boxes, junction boxes, and wire and cable pulling are reduced. 

The major components on the face of the motor control center are control switches 
pushbuttons, indicating- lights, time meters, ammeters, voltmeters, metering switches, 
time clock,- and HOA switches. The components within the motor control center are the 
circuit breakers, control transformers, contactors, and relays. 

As an electrician, you will be responsible for the proper operation of the motor 
control center. You will inspect 'the equipment periodically and isolate malfunctions 
as they occur. •» - 



'QUESTIONS 

« 

1. What is the primary purpose of the MCC? 



2. List tjie components found on the face of the MCC. 

3. List the major components fcund within th*3 MCC* 

* • * ^ 

4. What are four advantages of arv MCC . 



5. - 'What is the purpose of the circuit breakers? { ] 

6. ' What type of connection is shown between pressure switches in figure 92 of this 
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SECTION II 
MOTOR GENERATORS 



A, motor generator is a motor -driven generator converting mechanical energv into 
electrifcal energy. It is designed to deliver a controlled voltage and/or frequency. ' A 
motoi- generator. consists of a prime mover, an exciter, a generator, and a voltage 
regulator. The prime mover is a motor. It can be single- or three-phase and its pur- 
pose is to turn the exciter field. The exciter is a dc generator supplied with direct 
current through a voltage, regulator. The voltage regulator is usually the magnetic 
amplifier or electromechanical type. The- voltage regulator senses the voltage output 
of the generator windings. The generator winding can be connected for ac or dc opera- 
tion. The windings are usually the stationary part of the generator. 

Figure 63 shows an example of a motor generator set. Power is supplied to the 
prime mover which turns the exciter. The exciter is supplied direct current from the 
power winding. With current in the exciter, and the primer mover turning the arma- 
ture, voltage is generated in the generator windings. The output voltage is sensed 
through the control winding which varies the amount of magnetic lines of flux in the 
iron core. The lines of flux will either aid pr resist the current to the exciter field. 
The amount of current in the ea&iter will determine the putput voltage. 
* * * 

SUMMARY < 

' Motor generatQr sets consist of a prime mover (motQr), an exciter (armature), 
windings, and a voltage regulator/ The motor generator set may be used to regulate 
voltage and/or change the frequency. 
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Figure 63. Motor Generator Set 

QUESTIONS 

1. What are the three factors necessary to generate a voltage? 

2. The exciter i§ what type of generator ? 

3. T*e stationary part of a generator is usually referred to is 



4 The rotating part of a generator is usually referred to as 



5. What determine* the amount of output vdltage-? 
REFERENCES 

AFM 85-17, Maintenance and Operation of Electric -Plants and Systems. ' . 
AFR 85-19, - Maintenance and Operation of Electric Power Generating Plants. 
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THREE-PHASE MOTOR SYSTEMS 

OBJECTIVE • I 
When yoy have completed this workbook, you will be able to: 

I. Identify parts of a Z£f motor. 
* 2* Read a motor data plate. 

3. Select a 3ff motor for various specifications. 
. 4. Connect & motor to operate on 440 VAC or 220 VAC* v .\ ^ - 
5. Reverse the direction of rotation of a ^ m&tor. 
, 6. "Connect a 3# motor to power. 
* * 7. Identify motor control com ponehts. 
. 0- Select prpper overload elements. * ; 

' 9/ 'Installs 3# motor, control!^, and a start/stop station, ^ 
10.* InstaJ^Mr motor, controlled, and two start/stop station. 

II. Install a 1ST motor, controller, and thermpstat. : - > 
Ii^tall a iSf motor', reversing magnetic controller, and reversing station! 



* f • 
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y 



fit 



■A ' 



PROCEDURE 



PROJECT 1 



1. ' Figure 1 is a picture of a three-phase motor, identify these parts by writing 
the name of e%£ h part in the space provided. " 



b. 
c, 
d. 




4 



Figure 1.. Three-Phase Motor 
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2. Match'the correct terms on the left with the statements on the fright by writing 
the number in' the space provided: 



a • a»< ' 



Rotor" 



0 



b. Endbells 

c. Stator 

d. Bearing 

e. Shaft 

L- Field Winding 

e. Fan 



.Supports the rotor, houses the . 
..bearings and completes the frame 

Allow the rotor to turn smoothly 

Moving part of this particular motor 

That part of the rotor that may be 
a cdnn^tion point for the load 

Holds the field winding and core 

That which develops a rotating 
mas^eti^ield 

Reduces a*id eliminates heat frgm 
aroti&i the inside of the motor 



.PROJECT 2 



READING A MOTOR DATA PLATE 

Using the data plate* illustrates^ figure 2, enter the information- in the following ' 
blank spaces to adequately identify motor installation and operation data. 

1. Manufacturer's Name 

* 1 ~ -V ' 

% * • 

2. Horsepower Rating ^ [ 



3. Temperature Rise - 50 cycles 

4. ftPM at-fuU load - 50 cycles _ 

5. frequency , v 



60 cycles 
60 cycifes 



6. Number of phases 



7. Voltages motor will operate on 



8. .Full loadcurrent on high voltage - 50 cycles 
60 cycles"^ 



9. Frame Number 



and design/fcode 





General Electiric - Induction Motor 


' HP 2 


s/ Ph 3 


Cy 50 ' 60 


Volts 2P8/220/440 


RPM 950 1145 


Frame 184 








Hi Volt Anips 3. 6 - 3. 1 


Type K „ 


Low Volt Amps 7. 2 - 6. 2 


Design B 


Code,L 




Rating 50°C - 40°C 




SF 1. 




SF1.25 



Figure. 2. Motor Data Plate 
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PROJECT 3 



SELECTING A THREE-PHASE MOTOR TO ME ET^ ESTABLISHED SPECIFICATIONS 

Using the National Electricafcode Bo6k t determine the specification requirements 
for a three-phase motor which must be capable of 24-hour daily, service with a 5-horse- 
power load. The motor will be vertically mounted in an area where explosive gasss are 
present 'The motor will be installed to draw the least amount of full-load current The 
power available is three-phase 230/460 volt service, \ % - 

Plase an X in the blank space opposite th e ma terial or-equipment which is required 
to ipeet installation specifications. 



2. BEARINGS 



U DUTY ' | . * . 

Continuous 

• ^ Intermittent - 

Sleeve 

Roller 

- Ball , 

3. TYPE ENCLOSURE, OF MOTOR- * 

J Open 9 f 

Drip Proof 
* Totally Enclosed . 
'Dust Explosionproof 
: X Vapdr Explosionproof 

4. conduit Size 

V 

1/2 inch ' ~ . 

— t 

. 3/4 inch 

1 inch 



5. FUSE SIZE 

- 30 amp 

15 amp 

25 amp 

, 10 amp 

6, SIZE CLASSIFICATION 

Fraction&l- 
„ Horsepower 



i ST 



Integral - 
Horsepower 



•7, VOLTAGE' 



110 volts 
220 volts 



/ 440 volts 



8, FULL LOAD CURRENT 



6 . 1 amp 



j|7.6 amp 
_ 13.2 amp 
_ 15,2 atop 



9. CONTROLLER ENCLOSURE TYPHI 
Open - General- Purpose. 



Weather-protected 
Moisture -protected 
Ha!zgLrdous vaporproof 
Hazardous dustproof 



10. SIZE CONDUCTORS FROM MOTOR 
DISCONNECT ACCORDING TO THE^ 



N. E.C. 



10 AWG 
12- AWG 
14 AWG 
18 AWG 



* PROJECT 4 

X- m Conylfete the schematic diagram in figure 3 by numbering the motor windings and 
drawing .in the necessary connections and conductors for applying 440-volt power to the 
motor for high witage operation. - 
■ / 




Figure 3. 440-Volt Circuit Diagram 



3 Tb 
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2\ Complete the schematic diagram in figure 4 by numbering the motor windings and /. 
drawing in the necessary connections and conductors for Applying 22'0-volt power to. the 
motor for low voltage. « , 





Figure 4^ 220-Volt Circuit Diagram t * * • 

3. Complete the schematic diagram in figure 5 by jrtimbering the motor windings^nd 
drawing in the necessary connections and conductors for applying 440-volt power to thf 
motor: for high voltage. ^ 





Figure 5. 440-Voit Circuit Diagram 



4 Complete the schematic diagram in figure .6 by numbering the motor -windings and 
drawing in the necessary connections and conductors for applying 220-vo^t power to the 



motor for low voltage. 





Figure 6. 220-Volt Circuit Diagram 



PROJECT 5 

Show connections. for reversing the direction of rotation by^nurfibering the motor 
windings and drawing in the necessary connections for a wye connected high voltage 
system on figure 7. . 





Figure 7. . Reversing a Three-Phase Motor 



PROJECT 6 



Connect a three-phase wye motor to a220-volt power source, using the folio wing 



steps 

%mm 1. Obtains length of 3/4" flexible " 
conduit to reach from the 30rampere dis- 
connect to the motor terminal box, as 
shown* in figure 8 f * 

. * • » 
2. Run three black conductors through 
the flexible conduit to the motoj. Permit 
the leads to extend an additional 6 inches 
• inside thQ motor terminal box. 

8. Connect the flexible conduit with 
the proper squeeze type connectors to the 
motor terminal ^nd 30-amp discohnect box. 

4. In the 30-ampere disconnect, 
connect the 3 leads to'the bottom terminals 
of the fuse holder^. , • 

5*. Reverse the direction ol rotation c5f 
jnotor by. interchanging two powfer leads to 
the motor. 



MAIN 
DISCONNECT 

60 AMPS 





Figure 8. Connecting a Three-Phase 
Motoi} to Power 



"PROJECT 7 

IDENTIFICATION OF MOTOR CONTROL COMPONENTS * 

Figure 9 shows components of the motor starter in schematic form. Identify each 
of the numbered components on the arrows provided. 




" Figure 9. Three-Phase Starter Schematic Diagram 
Statue the purpose of the following magnetic starter components: 
1. Coil: * '.: ~ * ' 



r 



2. Main or load contacts: 



3, Reset cfantacts: 

• 1 - • 



4„ Overload heatfer element: 



> 



5, Reset pushbutton: 



v 



n 



\ 
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PROJECT 8 



' SELECTING THE PROPER OVERLOAD ELEMENT 

INSTRUCTIONS: To answer the questions below use the tables on figures 12, 13, and 14, 
and a motor data plate to determine the number of the overload element (relay, .heater, 
or fuse) to be used with the types of motor starters listed below. Write the number of 
the overload element. in the blank space provided. 

i. Observe the motor data plate shown in figure 10; if the motor is conned to high 
voltage, what number overload would be used? % 

Square D No. ; ■ * Y 



\ 



• Allen Bradley No. 
Arrow Hart No. 

% — 



Century 
Capacitor Single Phase Motor 



Model GSA -203 -CA6-5FA 




HP 1 


RPM 1750 


. Volts 115/230 


AMPS 12 6 Cy 60 


Time Rating -Cont open 


Temp Rise 40°C 




SF1.25 

m 


— ^ 4 



Figure 10.. Motor Data Plate 



Observe the motor data plate shown in figure It. If the motor is connected 
voltage, 6GTOycle power, what number overload would be used? 

Allen Bradley No. / 

Arrow, Hart No. \ * 4 

f > 
Square D Na ' 



to low- 



\ 







Uniclosed Motor" 


V 




HP 3 


i . *h 3 


1 Cy 50\- 60, 


v Volts 208/220/^40 \<fc 


RPM 15Q0 - 1800 


1[rim^2l3 


Hi Volt Amps 4.7-4.3 


' T>oe h\ 


Lo Volt Amps 9.4-8.6 


D*s\gnB. Code 4 




Rating 


50.° - 40°C 


208 ^Qlt Amps 9. 1 



V 



Figure XX. Motor Data Plate 
12 - . 



Observe the date plate shown in figure 10. If the motor is connected to low voltage, 
whatiiumber overload would be used? 

Allen Bradley No. * 

Square D No. 

Arrow Hart No. 

f 

Observe the figure 11 data plate. If the motor is connected to low voltage, 50-cycle 
power, what-number overload would boused? 

Square D No. 

Allen Bradley No. \ 

Arrow Hart No. * ' ^ . : 



If a motor having a data plate like the one shown in figure 11 is connected to. 208- 
volt, 60-cycle power, what number overload would be used? 

Arrow Hart No. 



Square D No. 



Allen Bradley No. 



Motor 
fulf load 
current 


Relay' 
Number 


Moto^ 
fuUload ' 
current 


Relay 
Number 


Motor 
full load 
current 


» Relay ' 
Number 




0: 32 -0. 34 


B 0.44 


1.97-2.23 


B 2.65 


10.0-10.6 


B-14 




0.35-0-38 


B 0.51 


2.24-2.50 


B 3.00 


10.7-11.4 


<B 15.5 




0.39-0.44 


B 0. 57 


2.51-2.81 


* B 3.30 


11.5-12.3 


B 17.5 






B 0. 63 


2.82-3.19, 


B 3:70 


12.4-13.6 


B 19.5 




0.54-0.58 


B 0.71 


3.20-3.61 


B 4.15 


13.7-14.6 


B 22 




0„59-0.66 


B 0. 81 


3.62-4.14 


B 4.85 


14.7-16.8 


B 25 




0.67-0.74 


B 0. 92 


4.15-4.40 


B 5.50 


16.9-18.6 


. B r 28 




0.75-0.64 


B 1.03 ' 


- 4.41-4.78 


B 6.25 


18.7-20.2 


B 32 




0: 85-0.57 


B 1.16 


4.79-5.44 


B 6. 90 


20.3-22.8 


B 36 




0.96-1.12 


B 1.30 • 


5.45-6.16 


B 7.70 


22. 9-24.7 


. B 40 ' . 




us-ia* 


B 1.45 


6.17-6.86 


B 8.20 


44.4-J1.6 


> b 45 




1.20-1.34 


B.1.67 


6.87-7.64 


B 9.10 








1.35-1,54 


B 1. 88 


7.65-8.41 


B10.2 






— \— 


1.55-r.78 


B 2.10 


8.42-8,77 


B11.5 








1.79-1.96. 


B2. 40 


8.78-9.9 


812. 8 









vr Figure 12. Square D Table 



Heater' - 
Type No. 


Full load 
Amps- 


' Htater 

Type No. 


Full load 
Amps 


Heater 
Type No. 


Full 'load 
Amps 


Heater * 
Type No. 


Full load 
Amps 


)N2' 


0.48 


N 11 


1.45 


N 20 


3.47 


N 29 


8.^5 


N 3 


0.-59 


N 12 


r.62 


N 21 


3.88 


N 30 


9. 13 


< N 4 


0.74 


N 13 


1.77 


N 22 


4.29 


N 31 


10. 5 


N 5 


d.fii 


N 14 


i.aa 


N 23 


4^.80 


N 32 


11 1 


-N 6 


0. 89 


N ifr 


2.16 


N 24 


5:22 


N 33 


12.6' * 


N 7 


0. 97 


I N 16 


2.41 


N 25 


5.76 


N 34 ' 


14.3 , 


N 8 


1.11 


H 17 


2.68 


N 26 


6.41 






N 9 . 


1.22 


' N 18 


2.93- 


N 27 


7.02- 






N 10 


*1.31 


N 19 


s.ia 


N 28 


7.74 







C A -021 A 



- Figure 13. Allen' Bradley Table 

*4 



>• \ 

t 



Heater 
CatNr 


Trip 
Amps 

. 4 


FUll<Load 
Motor Amps 
Min. Max. 


Max. 
Fuse 
Size 
tip 


Heater 
Cat Kir 


Trip 
Amps 


Full Load 
Motor Amps 
Min. Max. 


Max. 
Fuse 
Size 


42013 


7.2 


* 5.76 - 6.53 


20 


42022 


22.4 


17.9 - 19.4 


80 


42014 


8.4 


6.72 - 7.59 


*5 


42225 


25.0 


20.0 - 21.8 


100 * 


42015 


9.6 


7.7 - -8.4 


35 


42226 


28.0 


22.-4 - 24.4 


100 


42016 


10.9 


8.7 - 9.5' 


35 k 


42227 


32.6 


26.0 - 28.3 


-125 


42017 


12.6 


♦ 10.1 - 11.0 


40 


42228 


36.3 


29,0 - 31.6 


125' 


. 42018 


13.7 


11.0 -11.5 


45 


42229 


42.0 


33. 5 - 36.5 


. 150 


42019 


14.5 


11.6 -12.6 


50 . 


42230 


48.0 


38.4 - 41.5 


150 


42020 


15.8 


12.6- - 13.7 


50 


42231 


52.0 


41.6 - 45.2 


175 


42021 


18.3 


14.6 -"15.9 


60 


42232 


57.0 


45.5 - 49.0 


200 


42224 


20,0 


16.0 -17.6 


70 


42233 


60.5 


49.0 - 52.5 


200 



C i • 02 0 



♦ / 

/ 

'J 

"Figure 14. Arrow Hart Table 

\ •' .' 
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. ♦connecting' three-phase controllers- 

1, (Jotnplete the diagram^, in figures 15, 16, and 17^ 



I.2C 



START 

n - 



□ 3 



STOP 





>-2 


^3 












. •<! 

















L 2! C 3| 

T 




V PHASE 

T, o( 220 ~ VOuTS b T 3 
MOTOR 



) (' ■ 



V ! 



^4 



Figure 15. Connecting a Three-Phase Square-D Magnetic Started 
* For Low Voltage 
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THREE PHASE POWER SUPPLY 



START 




1 2 



STO' 



roj^ 



6 6- 



HEATER 



t 'I 




RESET RESET 



T, q( MOTOR* 
440 V 







L 2 


L 3 




t 

f 


X 


p ^ 








POWER. 

leaqs 


* > 





o 



HEATER 




Figure 17. Connecting a Three -ThasV Alten- Bradley Starter 
For High Voltage 
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PROJECT 10 



Step 1. Using one of the diagrams you completed in project^, install and conh^t a 
three-phase motor controlled by a magnetic starter and one starUstop station. 

Step 2. Have the instructor check your work. '(CAUTION— Do not turn the power ON.) 

Step 3. Operate the motor to insure correct operation. { 

Step 4. Have tHe instructor check your work. 

t 

* ■ • (Instructor's^Signature) : J\ 

\ r" ' ft PROJECTll o „ 

Step 1. Complele^the following diagram, Figure 18. " * 




START 

n 



o A 

t o n 

STOP 



V 

*«tH ' W V? ^ < 



3-PMA3£> 
T, 0(220^V0LTSbT3 
MOTO* 




DD-D98 



Figure 18. Connecting a Three-Phase Motor System- 
Using Two Start-Stop Stations* 
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Step 2. U**ng the diagram you have just completed in step 1, add^a start-stop station 
to the . motor control system you installed in project 3. ^ 

Step 3. Have the instructor check your work. (CAUTION: Do not tur n\he power ON. ) 
Step 4. Operate the motor to insure correct operation. #t ' 

Step 5. Have the instructor check your work. 



1 (Instructor's Signature) 

Step 6. Remove the two start-stop stations. Leave the magnetic startef and mc/tor 
connected. 

CAUTION: Make sure the power ns^turned OFF before attempting to complete 
this step, 

< 

* * PROJECTS 2 

Step 1. Complete the following diagram, figure 19, v - 

4 v \ 

<$> 

L 2| u 3 




77 



THERMOSTAT 



S 



^2 



I^J ^ iff i|fJ 




*. T, Q^22fr-VOUTS^Tj 
KOTO* 




DD-102 



figure 19. Connecting a 'Three -Phase Motor- System » ^ 

Using a Thermosta&r ' . _ ^-j^ 

■ . ; 1 . 
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. Step 2 Ustag the diagram you have just completed in step 1, install a thermostat to 
control the three-phase motor system on your trainer. 

Step 3. Have the instructor check your work. (CAUTION: Do not turn the power ON. ) 

Step 4. 1 Operate the motor, to insure correct operation. ■ * * 

Step 5. .Have the instructor check your work. * ^ 



Instructor's Signature 
Step 6: Remove all installed equipment (except the safety switch)«from your trainer. 



' ' > PRQJECT 13 

Step 1: Complete the following diagram, figure 20; 



< 



\ 



holoing contacts 



3 2 

HH 



H H 



HH 



HH 



, -j 

PORWARO ' 



3 2 
REVERSE 



STOP 




I L 2 [ti 

HH 



HH 




2 

HH 



REVERSE > 

con 



A t 



HH 




Figure 20. Connecting a Forward-Reverse Controller 
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Step 2, Using the diagram you have just completed in step 1, install a three-phase 
forward-reverse control system to control the three-phase motor on your trainer. 



Step 3, Have the instructor check your work. CAUTION: Do not turn the power ON. ) > 
Step 4, Operate the motor to insure cprrect operation. 4 

< e 

Step 5, 'Have the instructor check your work. 



(Instructor's Signature) 

Step 6. "Remote all installed equipment from your trainer and store it in the proper 
location in the trainer. 



,3 
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Sheppaxd Air Force Base, Texas ' j^ly 1975 

TROUBLESHOOTING THREE-PHASE MOTOR SYSTEMS . J 
OBJECTIVES : , * 

* ■ ! 

When you have completed this workbook, you wilt be able to: 

1. Perform an operational check on a motor control system. 

2, Trpubleshoot a motor control system for opens, shorty and grounds. 
3.. Repair electrical troubles. „ 



PROJECT 1 



INSTRUCTIONS. Using diagram provided in figure 21, select the observable 
symptom which will be the result for eacft trouble. Consider each trouble to be the 
only one in the system. 




DD-tOt 



TROUBLE OBSERVED 
POINT - TROUBLES , SYMPTOM 



Figure 21. Three -Phase Motor System- - '* 

SYMPTOM 



.1. 


Open 


2. 


Short 


3. 


fct Opert 


4. 


* Open N 


5.- 


Short 


6. 


Open 


7. 


Open 


8. , 


a 

Open 


9. 


Open * 


10. • 


Short 



a. Motor single phases. 

b. Blown fuse in panel. 

c. Reset trips. * 

d. Motor will not start. 

e. Motor will not stop with either station. 

f. 9 Motor starts, but stops when start 
button is released. , * 

g. Motor will start with onlv one station. 



33::; 
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PROJECT 2 



Step 1. Troubles have been created in your trainer. You are to locate andj:orrect 
these troubles. 

Step 2. Have the instructor observe while you operate the motor system to insure 
all troubles nave been corrected. 

Step 3. Use an ammeter and check the current draw of the motor. The meter 

reading is ; amps. Compare this reading with the f^U load current from 

the motor data plate to insure the motor is drawing the proper amount of current. 

Step 4. With the power turned OFF, disconnect the motor windings. With a 
megohmmeter, check the resistance of each set of windings. 

Step 5. Have the instructor check;your work. 

- v - v 



, (Instructor's Signature) ~ 

*Step 6. Remove all installed items from the trainer and return them to their 
proper Ipcation. Clean and straighten trainer. Return ail handtools to the trainer, and 
have the instructor check your trainer before locking it. 



(Instructor's Signature) 
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Single-phase motor systems 

4 

OBJECTIVES 

When you have completed this workbook, you will be able to: 

1. Identify parts of a Iff motor. . ' * > 

2. Identify electrical schematics of single W motors. 

3. Complete electrical schematics for 120 VAC or 246 VAC hpokups for a l& 
induction motor. - ' 

4. Connect a LQ^induction motor to power. 

5. Connect a ISr motor controlled by a drum control. 

6. Install a 1# motor., magnetic controller and a start/stop station. 

7. Install a Ifr motor, magnetic controller and two start/stop stations. 

8. Install a Lfr mjaffor, magnetic controller and a thermostat [ 

9. Install a W motor, magnetic 'controller, thermostatj^d HOA switch. 



J 



'i r j f ) 
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Figure 22. Major Parts of a Single-Phase Motor 
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PROJECT 2 



1. Figures 23 and 24 are schematic drawings of two types of single-phase motors. 

2. Write the name of each major component where a letter appears. In the spaces 
provided under 'each drawing, correctly identify the type of motor Shown. 





' — nfmamrmr 1 




Figure 23 

3. Figure 23 is the schematic of a * 
4* Figure , is the schematic of a 
5, Major components of figure 23 are: 
. a* * 

b. 

c. 

d. 



Figure 24 



motor. 



' motor. 



6. Major components of figure 24 arje: 
a. , 
b. 
c. 
- d.. 
e. 



jo, . 



2b 
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PROJECT 3 



Complete, the diagram in figure 25. by numbering the motor windings and drawing in the 
necessary connections for 220 -volt operation. 




RUNNING STARTING 
WINOING WINDING 



/\f. \ 




Figure 25 

Complete the diagram in figure 26 by numbering the motor windings and drawing in the 
necessary connections for 110-volt operation. 



RUNNING 1 STARTING 
WINOING WINDING 



O 




C 



Figure 26. Schematic of Single-Phase Motor Windings 



2v 



3 



Reverse direction of rotation of this motor compared to the motor in figure 27. Connect 
for low voltage. 



• \ e 



RUNNING STARTING 
WINOING * WINOING 





^ - ■ Figure 27. Single-Phase Motor Windings- 

* * » 

PROJECT 4 

CONNECTING A SINGLE- PHASE MOTOR TO POWER 

1. Obtain a piece of 3/4-inch flexible conchiit long enough to reach from a 30-ampere 
✓ disconnect to the motor terminal box as shown in figure 28, 



MAIN 

; DISCONNECT 

60 AMPS, 



DISCONNECT 
30 AMP 




Figure 28. Connecting a Single-Phase Motor to Power 



2. Run one black and one white conductor through the flexible condpit to the motor. 
Permit the leads to extend in the motor terminal box about 6 inches. 

3. Connect the flexible conduit w*ith the proper type connector to the motor terminal 
• and 30 -amp disconnect box. 



3 r > * 
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In the 30-ampere disconnect/ connect the 'white conductor to the neutral bus .bar 
and the black conductor to>the bottom terminal of a fuse holder 

>~ « ' - 

*Ui the motor terminal box, connect the motor leads for low voltage.' 'Rejer to the 
diagram shown in figu^ 27 for low-voltage connections. 

In the motor terminal bo*, connect the motor leads *or low voftage. 




PROJECT 5 



Step 1.. Complete fee diagram Die tu red 
in figure *29. Motor will be connected,, 
for high voltage. 




DRUM CONTROLLER 




• - Figure 29. Single -Phase Motor 

Controlled by a Drum Controller „ 

• * n 

Step 2. Using the diagram you have just completed in figure 29, connect a single-phase 
mo tor -controlled by a drum controller. 

Step 3. Havg the instructor check your work. (CAUTION: Do not turn the power ON. ) 
Step 4. Operate the motpr to insure correct operation. * s 

Step 5. Have the instructor check your work., 

(Instructor's Signature) 
Step 6. Remove the drum controlled and return to proper location. 
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PROJECT 6 



:\ 



Step 1. Complete the following diagram in figdre 30. Motor will operate on low voltage. 




' Step 2 
motor 

Step 3. 

#tep4. 

Step'5, 



• Figure 30. Connecting a Single-Phase -Starter for Low Voltage 

Using the diagram you have just completed in^figure 30. connect a singlerphase 
cootrolled by a magnetic starter and one start-stop^station. 

Have the instructor check your work. (CAUTION- Do not turn the power v ON, ) 

Operate the motor to insure correct operation. 



Have the instructor check your work. 



(Instructor's Signature 



\ 



> 
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PROJECT 7 
• • 

Step 1. Complete the following diagram in figure 31. The motor will be connected for 
high voltage. 



' r-°-| 



























Figure 3L Connecting^ Single-Phase Starter with Two Start-Stpp^aiions ~ 

^ Step 2. . Using the diagram you have just completed in figure 31, *add a start-stop station 
* .to the control 4 system now installed on'' your trainer. 

* Stejf) 3. Have the instructor check your work. (CAUTION: Do not turn the power ON.) 

" Step 4, Operate the motor to insure correct operation. 

Step 5. Have the instructor check your work. 



* - % (instructor's Signature) v 

^tep 6. Remove the two start-stop stations and return to proper location Leave the 
• magnetic staler installed. ' / 
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PROJECT 8 

Stepl. Complete the following diagram in figure,32. 

THREE-PHASE POWER SUPPLY 







1-2 






•ncutrAl connects 

TO STARTER WHEN 
„ NEEDED. 


c 




)loooj- 













NEUTRAL BUS * 




LJ%^ L,J| 



HEATER 



RESET 



COMp^- NO 220 V 

COIL 
!10V 
OR 
220V. 

110V 
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Figure 32. Connecting a Single-Phase Starter with a Th*mostat * 

* 

Step^g Using the diagram you have just completed in figure 32, connect a thermostat 
to comrol the magnetic starter npw installed on.your trainer. 

Step 3. Have the instructor check your work. (CAUTION: Do not turn the power ON. ) 
Step 4. Operate the motor to insure correct operation. 
Step 5. Have the instructor check your work. 



(Instructor's Signature) 
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> PROJECT 9 , 



Step Complete the following diagram in figure 33. 



THREE-PHASE POWER SUPPLY 



3 AUTO 



i OFF 



4 HAND 



•NEUTRAL CONNECTS 
TO STARTER L2 WHEN 
NEEDED. 





L 2 


"-3 




c 










&~ 2 





NEUTRAL BUS 



POWER 
LEADS 



3 2 . Li T 1-2 T 2 



HEATER 



COM — vo220 V 
COIL 
110V 
OR 

| RESET \ 220V^ 





Figure 33. Connecting a S ingle-Phase Starter with a Thermostat and a HOA Switch 

Step 2, Using the diagram you have just completed, figure 33, add a HOA switch to the 
control system now installed on your trainer. 

Step 3. Have the instructor check your work, (CAUTION: Do not turn the power ON, ) 
Step 4. Operate the motor to insure correct operation. 
Step 5. Have the instructor check your work. 



^(Instructor's Signature) 



NOTE: Do not remove any of this system from the trainer 
after you have completed this project. 
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Sheppard Air Force Base, Texas . ■ July 1975 

TROUBLESHOOTING SINGLE -PHASE MOTOR SYSTEMS 

OBJECTIVES 

When you have completed this workbook, you will be able to: 
* 1. Perform %n operational check on a motor control system. 

2. Troubleshoot a motor control system for opens, shorts, and grounds. _ 

3. , Repair electrical troubles. # 
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PROJECT 1 

INSTRUCTIONS TO STUDENT: Using the diagram provided m figure 34, select 
, the observable symptom which will be the result for each'trouble. Consider each 
trouble to be the only one in the system. 



TROUBLE 
POINT 


TROUBLES 


1. 


• 


2. 


Short. 


• 3. 


Open 


_ 4. 


Short 


5. 


Short 


• 6. 


Open 


7. 


Blown»Fuse 


8, 


Open'* • 


9. 


Op&i 


10. 


•* Open 

) 




3 



OBSERVED 
SYMPTOM 



V 



SYMPTOM 

a. Motor will not start. 

b. Motor will not run unless contacts 
are held closed. 

c. Motor will not stop using stop 
button. 

d. Motor starts without pushing start 
buttoii. 

e. Motor run£ ^s long as start button is 
held in. Stops when released. 

f. Contacts close but motor does not 
run. 



THREE PHASE POWER SUPPLY 



NEUTRAL CONNECTS 
TO STARTER L2 
NEEOEO. 



' POWER 
LEADS 




Figure 34. Single-Phase Square D Magnetic Starter 

3d 



1 M ') 
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PROJECT 2 

Step 1. Troubles have been created in your trainer. You are to locate and correct 
these troubles. 

I 

Step 2. ^Have the instructor observe while you operate the motor system to insure all 
troubles have been corrected. » 

• • . ' & 

Step 3. . Use an ammeter and check the current draw of the motor. The meter read- 
tog \ amps. Compare this reading with the full load current from the 
motor data plate to insure the motor is drawing the proper amount of current. 

Step 4. With the power turned OFF. disconnect the motor windings. With a megohm- 
meter, check the resistance of each set of run windings. 

Step 5. Have* the instructor check your work. 



(Instructor's Signature) 

Step 6. Remove all installed items from the trainer and return them to their proper 
location. Clean and straighten trainer. Return all handtools to the trainer and have 
the instructor check your trainer before locking it 



(Instructor's Signature) 
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§ MOTOR GENERATORS, CONTROL PANELS, AND CIRCUIT BREAKERS 
OBJECTIVES . • : 

When you have completed this workbook, you will be "able to: r 

1. Identify the -major components of a motor control center. 

2. List the major components of a^motor control center* 

3. Identify the major parts of a motor generator set. 
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PROJECT 2 % 

Answer the following questions about the motor control Renter. 

1. How many. incoming power connection points will the MCC-have? 

2. Name four electrical components that dan be found on the face of the *1CC. 



a. 



c. 
d. 



3. What two types of circuit breakers may an MCC! contain?' 



b. 



4. How i^voltage distributed through the MCC? 

5 W .What is the purpose of the door switches in the' MCC? 

6, What is meant by HOA switch ? 



\ 
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Department of Civil Engineering Training SG 3ABR54230-1-V-1 

Sheppard Air Force Base, Texas , August- 1975 

INTRUSION ALARM SYSTEMS • 

# * * * 

OBJECTIVE • ~ 

This study gui<Je will help you to become familiar with the types, design, operation, 
and • components of intrusion alarm systems. • 

INTRODUCTION 

Intrusion alarm systems are composed of protection and annunciating devices for 
premises protection. These, devices are assembled into an integrated system for the 
protection requirements of various structures and/or areas. Special features are 
incorporated to meet thfc particular operating procedures and physical layout existing 
at a particular area. 

These systems are primarily desigried for the detection of unauthorized entry and ' 
supervision of authorized entry into the protected area. This protection is obtained by 
use of all or a combination of sound detectors, he?t detectors, motiop detectors, 
vibration detectors, door contacts, window contacts, foiling, and lacing. 

* The circuitry is arranged so Jthat* entry into a protected area causes the transmission 
of a signai to the guardhouse. This signal causes the operation of visual and audible 
alarm devices; * » ' 

Wiring frbm-all structures to the Central'Security Contpl is electrically supervised 
against favits such a* grounds, breaks, and/or a short which cause distinctive indica- 
tiot£3t*{he control center. ' See figure 1 for a block diagram of a typical intrusion alarm 
sy^em. \ J - . 

INFORMATION x . , * 

PROTECTIVE ALARM SYSTEMS 

An electrical protection system applied to an area will automatically detect un- 
authorized entry and supervise authorized entry. Generally, the mafcfiidyantage is 
that it removes the need for^ complete dependence upon the human element, and permits 
a reduction in security force. There are other advantages, such as: 

• * Permitting sqpervisory personnel to'readily know of an attack. 

Zoning.of circuits^pinpbints t^e alarm and permits the concentration of security 
force where needed most. • 

r 'Supplementing the security force and permitting greater coverage with a reduced 
- security force. 
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Figure 1. Block Diagram of Protection System 



Basic Theory 



Itffrusion alarm systems consist of a number of simple direct current circuits. 
For you to be better able to follow the description of these. circuits,* three basic items 
will now be discussed or reviewed, 

OHM'S LAW. Ohm's law states that the applied voltage to a circuit is equal to 
the current times the resistance. Voltage is measured.in volts, current in amperes, 
and resistance in ohms. The symbol for voltage is E, current I, and resistance R. 
A pressure of one volt will cause a current of one ampere to flow^through a resistance 
of one ohm. On$ amptere of current is quite a t large value with respect to signal or 
protection circuits with which we will be dealing. *Since supervisor* and/or alarm 
current normally below 1/20 (.05) of an ampere, we must use the term milliampere. 
One ampere is equal to 1000 milli.amperes, and thus o<e milliampere is equal tdl/100d 
of*an ampere. When writing millikmpere, use the abbreviation ma. 



Ohm's law may also be expressed as follows: 



i * — r « m 

R.I 



An example of the application of Ohm's law is to determine the current that will 
flow in a circuit where the value of the applied voltage and the resistance are known. 
Find the current that will flow in. the circuit, shown in figure 2, with 48 volts applied 
and a total resistance of 3200 ohms. 




s 



► muff , 




ve Figure 2. Basic Protection Circuit 

15 

.015 ampere or r~L amperes equals 15 railliamperes* 

1000 

Thus, the answer may be expressed as 15 ma or 15 mils. - 

RELAY OPERATION: A relay is an electromechanical device that consists of a 
coil of fine wire wound around a soft iron core. This core is made of a magnetic 
material, a lpaterial that is capable of being magnetized. When an electrical current 
flows through the coil, a magnetic field is set up in and around the core. This mag- 
netic field .exists as long as current is flowing in the coil. When the current is cut off, 
the magnetic 'field collapses. The core material is soft iron, and due to its composi- 
tion, loses its magnetism immediately after the current flow- has stopped. The coil and 
core of a relay is an electromagnet. Attached to one end of the coil and core is a 
hinged armature. This armature is also made of soft iron so that it will be attracted 
magnetically but will not retain any magnetism after the field induced by the electro- 
magnet collapses. Therefore, when the coil has current flowing through 'it, it attracts 
the armature. Since the armature is hinged, it will swing on its pivot toward the core. 

Th$ mechanical movement of the armature causes a set or several sets of elec- 
trical contacts to operate. These contacts may be normally open and close a circuit 
when the relay is* energized. They can also be normally closed and open a Circuit when 
the relay is energized. It is possible to have several sets of contacts, either closed 
or open on the same relay actuated when the armature is attracted*to the core. (See 
figure 3, Basic Relay Components.) 
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RELAY COl (WANY TURNS OF FINE WIRE) 

EC-251 



Figure 3. Basic Relay Components 
* The reasons for using relays are as follows: 

A relatively small amount of current is required to operate a relay* Therefore, 
a small gage wire Aay be used for long 'distances. 

< 

One contact or switch can control a single relay which3n turn can be ma£e to 
perform several functions, depending on tfcte number £nd type of contacts on the « 
relay. 

*» ** 

Since relays, depending on their design, need certain values of current to operate, 
they can be used to detect -various conditions in a circuit. 

Relays can be used to lock circuits in*or out and provide a means-of remote control. 

!DtTn$lTICN OF TERMS. Terms frequently used when discussing intrusion alarm 
Systems and their definitions are as follows: *" 

B. A. Contact. Burglar Alarm Contact. Any device so placed that will actuate 
an alarm. ^ 

Drop or B. A. Drop, The annunciation device used on the central control unit 
that senses any abnormal conditions occurring in the protection circuit. 

- ' Supervised. An alarm will result when the' wire is broken, grounded, or when 
two wires are shorted together. 

Annunciation. Visual and audible signal indications received at central control 
points. « " * 

Break Alarm (Break Drop) . An alarm created by. a decrease in line current 
below 9 ma. , 

" ■ t •«• 

Grou nd Alarm (Ground Drop). , An alarm created by an increase in line current 
i<» :w urn. v * x — > * 
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Combination Break and Ground Alarm (Double -Drop ). An alarm created first 
by a decrease in line current below 9 ma and then an increase in line current 
to 30 ma. , * ' ^ 

Basic Circuit 

There are two distinct features which must be a part of the design of a basic pro- 
tection circuit. These are: The circuit must be under constant and complete elec- 
trical supervision, and it must function with a current capable of being carried by 
telephone conductors. 

i 

In the typical basic protection circuit shown in figure 2, notice that in addition to 
" the closed series protection circuit, there is also an open series annunciation (alarm) 
circuit in parallel across the same power supply. 

The closed series protection circuit contains relays B and G (part of BA drop in 
central control unit), a transfer contact and two resistors. The open series annuncia- 
tion circuit contains contacts of relays B and G connected in parallel and the alarm bell. 

Let us now see how the circuit fulfills the requirements for constant and complete 
electrical supervision. We have calculated by Ohm's law that the current flow in the 
circuit shown in figure 2 is 15 ma. This current is sufficient to energize relay B and 
thus maintain its contact Bl open. If a break occurs in any portion of the circuit, relay 
B wil| deenergize, contact Bl will close and the alarm bell will operate. 

. If a ground occurs in any portion of the power side of the circuit, both resistors 
will be bypassed, and according to Ohm's law, the circuit will increase (less resistance 
more current). Relay B will remain energized and relay G due to its design will 
energize. Its contact Gl will close and the alarm bell will operate. 

If a ground occurs in the portion of the ground circuit between the two resistors, 
the 1600 -ohm resistor would be bypassed an<} the current would increase tp approxi- 
mately 30 ma. Relay G would energize and cause annunciation as before*. 

If a short (cross) occurred between the two wires in any portion of the circuit, the 
current woukflncrease and be annunciated by the alarm bell. 

It may be seen that the circuit is completely supervised. Any accidental circuit 
faults result in an alarm. For all practical purposes, it is foolproof and cannot be . 
tampered with. Any malicious tampering results in the operation of the alarm bell. . 

Let us see how the circuit fulfills the second basic requirement. The normal k 
, supervisory current is 15 ma, and the greatest current resulting from a trouble is 30 
ma. Thus, the current in the closed series protection circuit is low and capable of 
being carried by small wire. The current in the open circuit. annunciation may 
be quite high. This is safely handled by the contacts of the B and G relays; and since 
this circuit is part of the control panel, 1 conductor size is not a problem* 
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CENTRAL CONTROL EQUIPMENT 

Each protected area, building, or section of a large building has its own alarm 
circuit directly connected to the central control equipment in the guardhouse. At this 
point, each circuit terminates at a BA drop located on the front of the central control 
unit. 

BA Drop , % 

«. * 

This device consists of a plug-in unit on the face of which are two small windows 
through which can be seen two target annunicators. Associated with each target and 
dtrectly below it is a reset lever. Two telephone -type switches, one with a yellow 
handle (SI and S2) and one with a red handle (LI and L2), are located directly below 
the reset levers, A tapper is located between th£ two telephone-type switches. The 
"tapper" taps audibly on the inner side of the faceplate and moves visibly in and out 
beyond it when an authorized person at the. protected structure wishes to communicate 
with the operator at the guardhouse. This is done by inserting the plug of the phone 
in the jackbox and operating the hand button located on.the handgrip of the handset. The 
tapper-rod is mechanically attached to the armature of the tapper coil, which is located 
at the rear of the BA drop. With normal night current of 15 ma, the tapper coil is 
» deenergized, and the tapper is flush with the'facepiate. With alarm current of 30 ma, 
the tapper coil is enei»gized, and the tapper extends out from the faceplate. Inside the 
housing are two galvanometer movements, break and ground, which ar£ attached to 
each target by an operating arm. At one end of these arms are the targets, at the 
* other «nd are a set of contacts (Gl and Bl). The targets are reset^ut of view; these 
contacts are open, When the targets are in view, these contacts are closed. Each * . 
galvanometer movement has a coil (ground coil and break coil) which are wired in 
series. These coils are connected in series with the tapper coil and the line switch 
on the drop, the alarm devices in the protected structure and the power supply. The 
^circuit components are adjusted to 'produce 15 ma normal.current. * The alarm devices 
"are capable of either reducing.the current W> zero and/or increasing the cupfent to 30 
ma by openiflg\and/or crossing the line. 1 

The 'signals received on the BA drops maybe of four distinct types: 

A break in the protection circuit, causing the break.target onTfie drop to \ 



1. 



show. \ 



2. A short in the circuit, causing the ground target to show. 

3. A combination break and cross, causing both targets to show. 

4. The tapper coil is energized between 18-22 ma. 



All types of above signals result in both an audible and ^visual sigjial at the guard- 
house in the form of a buzzer and red.pilot light. A^Lsignals received are treated as . ; 
alarm Signals as this equipment will not differentiate between an alarm and a Rouble 
signal. Quite often a trouble signal is the result of malicious tampering. a 

4 BREAK. When the circuit is^fcroken, the c rrent falls below 9 ma, 
contact^Bl closes and break target comes into view* Upon closing, 
contact Bl establishes a circuit thrdugh alarm relay (AIT) and a red 
pilot light da the panel. This light operates and contact AL1 closes 
causing the vibrating buzzer to sound. (Refer *to, figure 4.) 
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Figure 4. Typical Circuit for Central Equipment 
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Operating the silence switch (yellow handle) to the left opens contact SI which , 
silences the alarm buzzer' and extinguishes the red pilot light. The break target can- 
4 not be reset until circuit current returns to 15 ma. The silence switch should be 
restored to its center position when the break target 'is r 3 eset. f * 

CROSS. When the circuit is crossed, the shunting of the night resistor in the 
protected structure, causes .the current to increase to 30 ma. Cohtact Gl .closes and 
the ground target comes into view. Upon closing, Contact Gl establishes a circuit 
through alarm relay (AL) and a red light on trite panel. The light glows and contact 
AL1 closes, causing the alarum buzzej* to sound. (See figure 4.) 

When the silence switch (yellow handle) is operated to the right, contact S2 will 
open, silencing the alarm buzzfer and extinguishing the red pilot light. The ground 
target -cannot- be reset until the circuit current i*»down to 15 ma. The silence switch * 
should be restored to its center position wheri the target is reset. 

BREAK AND CROSS. The circuit is first broken and then crossed almost simul- 
taneously. When the circuit is broken, contact Bl closes, and as described before, 
the red light and buzzer operate. When the circuit is crossed, contact Gl closes and 
establishes another path for the- annunciation circuit. 

The break target may be reset as the protection circuit is Complete^ through 
ground with a current flow of 30 ma. The ground target cannot be reset due to this 
current value. 

When the break target is reset, contact Bl opens; but the buzzer and red light 
remain in the operated condition through* contact Gl. Operation of the silence switch 
JLo 'the right opens contact S2 and silences the alarm buzzer and extinguishes the red 
pilot light. When t)\e circuit is restored to normal, the ground drop should be reset 
and the silence switch restored to its center position. 

Circuif Description 

Signals from the various protection circuits are received on galvanometer .relay 
units (BA 4rops). , a 

The protection circuits from the various protected structures are connected to 
individual BAjJaTops located on the front of the switchboard. These drops are mounted 
in. horizontal rows of four drops each. There is a common alarm light associated with 
each row to aid in quickly locating fhe operated drop. 

- Reference should be made to figures 4 and 5 in conjunction with the following 
descriptions of typical normal protection, alarm, test, communication, and talking 
circuits. * • 

NORMAL PROTECTION CIRCUIT. *The circuit from the source of power enters 
terminal 21, of the central control unit, figure 4. The circuit then continues through . 
fuse FS1 (3-amp) to terminal A. Then the circuit enters terminal 2, -and al/4-ajnp 
fuseUocated tb'the rear of the BA drop. •'The circuit continues through the tapper coil, 
grouhd coil G, Break coil B, through line switch LI (RED) through terminal 1. of the 
Ontkil Control to I ho protected structure through a telephone communication circuit. 



417 



v 



The circuit continues to: terminal L (Line) of figure 5, to TA1 (pry -off tamper 
switch), TA2 (door tamper switch), backshell lining, cover lining, Jl (communication 
jack) terminal 2, RXlday resistor, terminals 1 and 2, to the ON portion of on-off 
switch, tprmftial A, through the vibration contacts, to the "X" contact, terminals B 
and 5, through dopr contacts to terminal 7, Jthrough night resistor RX 2, to Bl test 
bell contacts, terminal 8, terminals^, 4, 3, test bell coil B, terminal 9, then in . 
figure 4 to terminals 2, B, 22, and back to the source of power. 
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LEGEND 

O Terminal of 5912-CL Control Unit 
A Terminal of eight -point socket 
— Plug and" socket connection 

Internal wiring of M X ,f relay' 

_J- — Installers Wiring 
B-coii of test bell 
Bl-test bell contact 
Jl •telephone jack 
» 

NOTES: 



RXl-Line resistor 
JRX2 -Night resistor 
RX3 -Heater resistor 
RX4-Current limiting resistor 
SW -Protection on-off switch 
TA1 -cabinet pry-off tamper 
TA2 -cabinet door tamper ' 
X-Plug-in alarm relay ■ 



*1. Circuit shown in normal PROTECTION ON condition. • 

2. Plug-in relay X is required if vibration contacts are connected in the circuit. 

3. If relay X is used, remove strap between terminals A and B. 

4. Terminals D and E should be connected to 24 volts ac in locations 
where heat is required to prevent condensation. 

5. If B. A. screens or lacing is to be connected in the circuit, remove straps between 
terminals 1 and i and 3 and 4, connect high side between terminals 1 and 2 and low 
side between terminals 3 and 4. , 

fe. If B. A. foil is to be connected in the circuit, remove the strap between terminals 
1 and 2 and connect accordingly, follow the same procedure if other tampers are 
to bo concocted in I ho <*i||uit. 

!*'||Mii'<» f» SrlH<m:iM«* of Security Alnrm SvmIimii I.im-;i! (» a itnin«l Mml 



418 



c * 

» ? 



ALARM CIRCUIT, The normal 15-mil (milliamps) current is sufficient to energize 
the break coil, and fceep its target from view, but not sufficient to energize the ground 
coil. When normal current drops belpw 9 mils, the bf eak coil deenergizes, its target 
moves into view and contact Bl closes. When contact Bl closes, a circuit is estabjoshed 
from power through the coil of alarn? AL on the control panel to point 8 on the drop plug, 
contact Bl and silence switch (yellow handle) contact SI to- .plug ?, tKfough the alartn 
pilot with parallel 150-ohm resistor, a 100-ohm series ,resistot% through a 3-amp fuse 
6n the control panel to power. The alarm relay energizes and the alarm pilot lights 
(red),* Contact AL closes, energizing alarm buzzer on the control panel, causing it to 
operate. 

The operator then moves the yellow-handled silence switch to the left, opening 
contact SI which silences'the buzzer and extinguishes the pilot light. Contact Bl of the 
drop remains closed as the break target cannot be reset until tlje circuit current in~ 
creases above the 9-mil point and energizes the break coil. ^ 

If the normal current increases to 3b-mils, the ground coil of the drop energizes, 
its target moves into view and contact Gl closes; establishing the same circuits as 
previously described, except'that this tiihe the circuits established through Vontact^ 
S2. The operator moves the yellow-hanaled silence switch to the right, ypening 
contact S2, silencing the alarm buzzer, and extinguishing tfit pilot light. Contact Gl 
remains closed as the ground target canrot be reset until the circdit current decreases r 
below the 21-mil point and deenergizes the ground coil. 

Some protection devices tfdll, upon operation, cause the protection circuit to 
first be broken and then crossed (shunting out the night resistor in the Local control 
unit and increasing the current to 30-mils) almost simultaneously. When the circuit ^ 
is broken, contact Bl^closes aixTthj* red light and buzzer operate. When* the 1 circuit z ' 
becomes crossed, contact Gl closes and establishes a parallel path for the alarm 
annunciation circuit. The breakHarget may be reset immediately as the cross on the 
protection circuit, causing a 30-mil current to flow, energizing the break coil. 

When the break target is reset, contact Bl opens, but the buzzer and light remain 
operated through contact Gl. Operation of the silence switch to the right opens contact 
S2 and thus silences the buzzer and extinguishes the light* When the 'circuit- restores to 
normal^ with 15-mil current flowing, the .ground cqil deenergizes. The ground target 

may be reset and the silence switch restored to its normaf center position. - 

r * ' * * * 

TEST CIRCUIT. Rectified ac power is provided for individually testing Hie pro- 
tection circuits. Selectivity is obtained by manipulation of the line s.Witch on the BA 
drop iii the particular protection circuit.^ / * * * 

When the line switch (red handle) is operated to the right/ contact 14 opens and 
contact L2 closes. This transfers the high -side of the protection irom its normal 
4d-volt power source through the? break and ground drops, to a 135-volt test power 
source. The test circuit may be traced from the negative through the power set, a 
l-&mp fuse, the primary of the test transformer on the control panel, the milliammeter 
on the test panel, cdntact L2 and through the line jack to the protected structure. The 
circuit id completed through the local. control unit normal protection citcuit located at 
the protected structure, causing the bell coil to rihg at the protected structure, and the 
test light to glow and milliammeter to respond at the central^ontrol indicating a normal 
circuit. , > r ' 
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•Talking Circuit" 

A common 'talking" circuit may be provided for communication over the transmis- 
sion lines. Selectivity is obtained by operating the line switch to the L2 position on the 
particular BA drop, after the telephone handset is plugged into the communication jack 
at the central control unit, 

Jackboxes must be installed in each local control unit for authorized personnel to 
plug-in a portable telephone handset This enables the maintenance man to signal 
and t24tto the switchbpard operator. 

The maintenance man removes the tamper plug from the jackbox at thertocal 
control unit and plugs in his handset A ground alarm is received on the particular 
BA drop when the tamper plug is removed. A break alarm is registered when the 
handset is inserted. The maintenance man signals the operator by intermittently 
operating the pustoutton in the handle of the phone. This button opens and closes the 
protection circuit, annunciates an alarm condition, and operates the tapper coil on the 
particular BA drop. 

The visual and apdible operation of the tapper is a distinctive feature which 
identifies the annunciation as a communication signal rather than an alarm signal. 

The switchboard operator plugs his telephone handset into the communication cir- 
cuit jack at the central control unit, operates the line switch (L2) to the right position, 
and the 'talking" circuit *s thus established for two-way communication. 

Whence conversation is completed, the maintenance man removes his handset aad 
restores the protection circuit to normal by replacing the tamper plug. 

The switchboard operator returns the line switch (LI) to the left position and. 
removes the telephone handset from the 'talking" jack and resets the break and 
ground targets. 

CENTRAL CONTROL UNIT (B5904C) j 

The control unit provides for the control, annunciation, and testing of the pro- 
tective alarm system circuits. There are various types of control units which can be 
used^depending on the scope of protection desired. The type discussed here is the 
one you will be associated with in this course. It is 18" wide, 18" high, and 7 deep, 
with a hinged cover. The cover of the cabinet has cutouts to accomodate a maximum 
of six BA drops. The cover of the cabinet contains a Une jack for each drop position, 
a common 'talking" jack, a test .milliammeter, a test pilot light (amber), and a 
common alarm red light. 

The wiring at the rear of the cover contains six, 10-point sockets, on short cables, 
each of which is provided for attaching to a particular BA drop. 
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Local Control Unit 5912 -CL s 

This unit, designed for installation outside the protected structures, is the control^ 
unit to which the alarm initiating^devices are connected. The unit consists of a gray 
finished steel cabinet, (approximately 12" high, 5 1/2" deep, 8" wide) inside'of whidh 
is mounted a control panel. The unit is lined and provided with a cover tamper switch 
and a pry-off tamper switch. The cover contains a three-position rotary switch for 
conditioning the protective circuit to the ON or OFF condition, a jack fpr inserting a 
portable telephone handset for communication and a tamper plug attached to a chain. 

The control panel contains two variable Resistors for adjusting the circuit currents, 
a test belly a resistor for providing heat, a socket for inserting an alarm relay, and 
two terminal stripe*for external wiring connections* (Refer to figure 5.) 

The test bell is operated at closing time (and periodically during the protection ON 
period) by applying a test potential, at the* Guardhouse, 'to the protection circuit. If 
the' circuit continuity is complete the t£st bell will operate. 

Terminals are provided to connect 24-volts ac to the resistor on the control panel 
if heat is required to prevent condensation within the unit. 

An alarm relay must be ordered separately and indited in the socket on the control 
panel if vibration contacts are connected to the % protection circuit. The relay is a five- 
prong plug-in relay with a 200 ohm coil and a set of transfer contacts. . 

The unit'is designed for wall mounting and is provided with 1/2" and 3/4" conduit • 
knockout at each side. The unit is not weathertight and must, therefore, be mounted 
in a suitable outdoor housing.. 

The test bell is factory adjusted and should not require any field adjustment. After 
the unit is instalfed and all the protection devices cojinected, the line currents should 
be adjusted. * 

After the unit is installed and the initial line and bell current adjustments are, 
made, the unit will require little attention* The contacts on the spring pileups of the 
jack should be burnished at least every three months. 
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Local Control Unit B179 , • 

This unit, designed for installation inside the protected structures, is the control 
unit to which the alarm initiating devices. are connected. It is 7 7/8" highX 4 3/8 M 
deep and consists of a phenofic bousing with a removable cover. Thexover contains a • 
three-position rotary switbh for conditioning the protection circuit to xne ON or OPF 
condition. . The cover also contains two pin plugs which are electrically connected 
within the phenoHE^material. TheSe plugs engage mating jacks in the base of the cover 
and both the plugs and jacks are wired into the circuit, fh such a manner, as to open 
the protection circuit when the cover is removed, figure 6. „ 

The unit also contains two variable resistors for adjusting the circuit currents, a 
terminal strip for external wiring connections and a test bell. The test bell is. operated 
at closirig time (and periodically during the protection "On" period) by applying a test 
potential, to the protection circuit at the Guard House. If the circuit continuity is 
completed, the buzzer ip the B.179 unit will operate. 

No provisions are made for running conduit to this unit and therefore, it must be 
mounted on a Cbnduit Base. Tliis base is approximately 1 -1/2" deep 2md is provided 
with a tapped hole for 1/2" conduit at the top and bottom of this unit. 

* * 

The test bell in this unit is factory adjusted and should not require any field adjust- 
ment. However, the location of t»\e bell dome is an essential part of the adjustment and 
it must be removed in order to mount the unit. Therefore, the bell dome should be 
marked before removing and should be carefully replaced in order not to affect the 
adjustment. 
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BA (BURGLAR ALARM) CONTACTS 

Vibration Contact 

In figure 5, the component parts of the unitare molded and/or assembled to a 
phenolic base. A phenolic cover is secured to the .base with two screws and sets on a 
cork dust sealing gasket. The unit consists of a s^t of normally closed contacts. The^ 
* stationary contact is molded in the base; the moving contact cqnsists of a thin, flexible""" 
steel reed with a .small weight riveted to the end. A pressure>spring is attached to the 
steel reed and is provided with an adjusting screw. Two two-foot leads are soldered to 
terminals in the bottom of , the base. A bottom cover is installed over these terminals 
to insulate them from metal surfaces. 

' . The unit should be mounted so that the leads face downward to prevent the possibif- 
^ ity of water and/or dirt accumulating in the wiring recesses and to assure poper 
operation of the contact. \ 

A connecting block, for use as a test point, must be mounted near each vibration 
V contact, so that a meter may be inserted in the circuit to observe the results of the 
tests. The metal strip supplied-with the block should be replaced with a wire ,str,ap to 
facilitate opeiflng the circuit for inserting the test meter. ' 

The vibration circuit is normally closed and is wired to shunt thWlarm relay in the 
relay unit; which is x'equired whenever vibration-type contacts are us^fi. The vibrations 
which occur during an attack cause the steel xeed to vibrate, open the normally closed 
circuit,and thus energi2e and operate the relay unit and the alarm set to produce a 
locked-in ground at the guardhouse. r 

The contact is factory adjusted for a cpirfact pressure of four to six grams. In 
theory, each contact should be adjusted to a certain maximum sensitivity to assure 
receipt of an alarm upon minimum attack vibrations ^nd a certain minimum sensitivity 
in order tljat false alarms may be eliminated. The minimum pressure setting for the 
contact should normally be one gram. 

The sensitivity is adjusted by changing the contact pressure. Turning the pressure 
adjusting screw clockwise will increase the pressurfejon the contacts and decrease the 
sensitivity. Turning the pressure adjusting screw counterclockwise will decrease the 
pressure onthe contacts and Increase the sensitivity. 

Contact pressure shall be measured with a gram gage. .An approximate separation 
pf not less than 1/32 inch must be held between the two springs.. This will allow proper 
freedom of movemerit.for the weighted contact. Never bend the springs of the contacts. 
If defective for any reason, replace It with a new unit. 

Magnetic Contact * - * 

In figures 5 and 6, the magnetic contracts are primarily used for heavy-duty 
swing doors, track doors, and gates. These contacts consist of two parts, an actua- 
ting bloc* and a contact block, each enclosed in a weatherproof hoysing*. The magnet 
is mounted on the door tc^be protected and the tontact block is mounted on the door 
lead or framfc in such a manner that when the door is closed, the magnet and contact 
,*Sck are brought together. The air gap between the tyo parts of this contact (magnet 
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and contact block) s,bould be from 1/4 to 1/2 incf|. A tapped hole for 1 A -inch conduit 
is located at one end.orthe contact block. A removable cover plate is provided for 
access to the wiring terminals. \ 

.This unit will not require adiustment. On rarfe occasions, the contact within the 
contact block may become inoperative. When the contact unit should be 

.replaced 4 . It would not be necessary to remove the}Sol»tact block to replace this unit. 

The contact unit consists' of two pole pieces and a rotor pivoted between the pole 
pieces. Attached to the rotor is a metal strip with contact points which mate with 
fixed contact points on the pole piece as the rotor pivots. A spring attached between 
one end of therotor and a fixed bracket keeps the rotor in position so that one of its 
contact points *#ngages a pole piece cbntact point and maintains a closed 'circuit. When 
a strong ^agnScfield is introduced near the contact block (door c osed\ the rotor will 
nivot due to its irregular shape, since the lines of magnetic flux will seek the shortest 
path through iron. The rotor is pivoted by this magnetic force and in so dotog charges 
the torsion spring. The pivoting of the rotor, transfers the rotor contact point from one 
pole piece contact point to the other pole piece contact point. This device is in effect 
i single-pole, double-throw switch. When the magnetic field is removed (door opened), 
the rotor is pivoted by the torsion spring and the contacts transfer , initiating a break 
alarm and- then'a' ground alarm. * 

t~ ■ » 
Mercury Contact - ' . . 

In figure 6, this device consists of two single-action mercury switches moufced in 
an adjustable clip and enclosed in a phenolic housing. These switches are mouifted so . 
that the contacts of one are normally open (make contact) and the other normally 
closed (break contact). Screw terminals are provided for connecting the -line wiring; 
clips are provided under the heads of the terminal screws for connecting the window 
foil, see figure 3. ^ » 

*The switches should be adjusted to operate when the surface on which the contact 
is mounted is tilted through an angle of two degrees. 

This contact is used for protection of tilting windows such as horizontally pivoted 
windows or the' cantilever projected type. , 

When the window on which a mercury contact is movtoted is tilted, the mercur^ in 
the normally closed switch flows away from the contacts, while the mercury in the 
normally open switch flows toward the contacts. The break contacts are opened aid 
the make contacts are closed due to the action and conductance^ the mercury. This 
action is in effect equivalent to a transfer contact and results in a break followed by a 
ground on the circuit. . 
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SUMMARY 



An Intrusion alarm system appiied'to ah area will detect unauthorized entry and 
supervise authorized entry . The main advantage is that it removes, the need for ^ 
complete dependence upon the human element and permits a reduction in guard force. 

• These systems consist of a number of simple direct current circuits. .Since super- 
visory and/or alarm current is normally below . 05 of an'ampere, we must use the 
t$rm miiliampere. One ampere is equal to 1,000 milliampers and one miiliampere is 
equal to 1/1,000 of an ampere. The common abbreviation for milliampere is ma. 

»> 

A relay is an electromechanical device that consists of atoii of fine .wire wound 
around a sett iron core, made at a magnetic material. Due to the composition .of the 
'core, the armature materials, they lose their magnetism immediately after current 
ceases flowing in the coil and the magnetic field collapses. 

The mechanical movement cf the armature, because of its attraction to Qie core 
of a relay, will cause a^et or several sets of electrical contacts to operate. These 
contacts may, be norfaally open and close a circuit when the relay is energized; or they 
may be normally closed and open a circuit. 

Relays are use<t because a relatively small amount of current is required for their 
operation, permitting the use of small gage wire for long distances. 

One contact or switch can- control a single relay which, in turn, can be, made to 
perform several functions depending on the number and type of, contacts on the relay. 

Since relays, depending on 3ieir design, need certain values of currant to operate 
they can be used to detect various circuit conditions. 

There are two distinct features which must-be incorporated in the design of a basic 
protection circuit. These are: > the circuit must be under constant and complete elec- 
Trical supervision, and it must function with a current capable of being carried by tele- 
phone conductors. , ' ^ 
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In direct wire intrusion alarm systems, each protected area, building, or section 
of a large building has its own alarm circuit directly Connected to the central control 
equipment irt the guardhouse. Each circuit terminates'at a BA drop mounted in the 
control unit. . 

A BA drop consists of a plug-in unit on the face of which are two small windows 
through which can be seen two target indicators. 

Associated with each target and directly below it is a reset lever. Two telephone- 
type switches, one with a y*Uow handle and one with a red handle, are located directly 
below the reset levers. 

Signals received on the BA drop may be of three distinct tyijes: 

1. A break in the protection circuit, causing the break target on the ^rop to show 

2. . A cross in the circuit, causing the ground target to show. 

3. A combination break and .cross , causing both targets to show. 

• ■ — * # 

.QUESTIONS 

1. What is the purpose of intrusion alarm systems? 

2. " What is the* main advantage of these systems? 
' 3. Why are so many relays used in intrusion alarm systems ? 

4. Wftat are the four distinct indication? received on BA drops? ^ . m 

5. What does the term supervised mean in connection with intrusion alarm systems? 

* * 

6. How does a decrease in a circuit's resistance affect the current flow? 

7. What distinct features must an intrusion-alarm protection circuit posse^p? 

8. * Whafe are the three expressions of Ohm's Law? *\ 

-9. What is the cause of a ground target.on a protection circuit's EA drop? 
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FIRE ALARM SYSTEMS 

OBJECTIVE .* 

The objective of this study guide is to help, you become familiar with fire alarm 
systems. ' 

INTRODUCTION 

A fire alarm qystem serves the primary function- of warning personnel that an 
overheated condition or an actual fire exists. While v f ire is one of .man's oldest tools, 
it is also one of his most deadly enemies. The fire toll each year in lives and property 
is tremendous. Fires have killed more people tn this country than wars. It is obvious 
that detection and control of fires are of grave concern to the Air Force. This study 
guide is to help you keep alarm systems in serviceable condition by detecting and' 
correcting possible causes of failures in operation in either manual or automatic sys- 
tems. , 



INFORMATION 

PURPOSE OF FIRE ALARM SYSTEMS 

a Fire alarm systems provide a direct, intelligible, and reliable means of summon- 
ing the fire department to a fire, thus racing 'the interval between the time a fir* is 
detected and the time proper f iref ighting equipment arrives on the scene. It also 
warns the occupants of tWstructure thata'firt condition exists so that they may take 7 
action to remove themselves from danger. Some types of fire alarm systems auto- 
matically detect fires and transmit alarm signals. Othet systems, such, as sprinkler 
or deluge systems not only detect and transmit an alarm signal but also begin to ex- 
tinguish the fire automatically before firefighters arrive: 

TYPES OF FIRE ALARM SYSTEMS 

Fire alarm systems are classified as either coded or uncoded according to the 
type cTslgnal transmitted. This classification is further broken down into manual or 
automatic, depending on the method of actuation. . * 

Coded System <f _ 

Coded systems transmit, record, and tout* a signal* identifying -the transmitter 
or actuating device from which the signal originates. 
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t Noncoded systems sound a continuous signal and indicate through visual devices 
the circuit_ift„wMc^ttoju:tuating device is located, t 



Manual System, „ J /^"^ 

<> * 

In manual systems other than fire reporting telephones, signals' originating from 
fire alarm boxes may produce either coded or noncoded signals. 

Automatic System 

Automatic fire alarm systems may produce either coded or noncoded signals. 
Detectors in the system operate automatically in response to Qamc, or abnormally 
high temperatures. * These systems may also have manual stations to permit manual 
transmission of fire alarms. 

THEORY OF OPERATION 

, * 

Most automatic fire alarm systems operate by varying the current flow through a 
network of circuits. Current flow is changed in intensity (amount) by changing either 
the voltage applied to the circuit or the resistance in the circuit. The amount of 
resistance in the circuit can be increased or decreased by relays adding or removing 
resistors by varying grid voltages to tubes or by changing the characteristics of the 
circuits. / * 

Fire alarm circuits are normally operate^ using dc voltage and obtain their power 
from a commercial alternating current voltage System through a tr^msformer-rectifier. 
Usually a battery or series of batteries are used for backup or standby supply for the 
system in case of an ac power failure, figure 5. 
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• .Figure 5. Schematic Wiring Wagram of Power Set 

Tigure 5, is a schematic wiring diagram of the jpower set. Power at 120-volts 
60-cycle ac is fed through terminals 1 and 2 of the power solirce, switch PS1, fuse 
*-FSl, and to the primary of transformer TF. There are four tap terminals on the 
secondary pf the transformer which are identified on the terminal strip of the rectifier 
units as C, D, E, and F. The number of cells in the battery determines the terminal 
to which the rectifier input terminals A and B ars connected. 

The secondary 4bltage from the transformers adjusted by rheostat RX1 and is 
impressed across the bridge'-coxmected selenium rectifier. The rectifier* voltage is 
connected in parallel with the battery voltage through terminals 5 (positive) aAd 6 
(negative) and the input to the resistor blocks as shown in figure 5. * 



V 



» 429 



Automatic Heat Detector 



RATE-OF-RISE PRINCIPLE OF 
OPERATION* When a fire occurs, air 
temperature rises rapidly, especially at 
the ceiling of an enclosure. This rapid 
rise of temperature, 15 to 20 degrees or 
more per minute, affects the Automatic 
Heat! Detector Unit. The air in chamber , 
(A), see figure. 6 f is expanded, reacts* 
against thin flexible metal diaphragm (C) 
which moves spring (D) to close an electri- 
cal circuit with screw (E). 

A passage leads from chamber (A) to 
the atmosphere in which, there is a factory- 
installed, predetermined, trouble-free 
Vent (B). This vent is calibrated, set and 
sealed at the factory to allow, under normal 
temperature variations, a balanced relation- 
ship Between the air in.chamber (A) and the 
outer surrounding atmosphere. This 
'•breathing action" allows the chamber tp 
"ride through" normal air changes. 

* • 

FIXED TEMPERATURE PRINCIPLE 
OF OPERATION. Completely independent 
of the "rate-of-rise" feature, the "fixed- 
temperature" principle utilizes a metallic 
spring (G)> held to inactive position'by a 




Figure 6. Automatic Heat Detector or 
Thermostat Unit 



teniperature-rated fusible alloy (F). Thus, should the "rate-of-rise" Wature not 
respond where smoldering! ires create. slow temperature increases, when the heat at 
the ceiling reaches the fusing temperature of the alloy CF), spring (G) is released. This 
action then- moves sprine (D) to close electric circuitry with sc^pw (E). Temperature 
ratings are 135 and 190°F. Selection is important, being determined byjhe maximum 
ambient air temperatures, known and anticipated, at the detector unit under normal 
conditions. 

TELIj-TALE INDICATOR. When the heat detector unit is operated by the "fixed - 
temperature" feature, the unit cannot ,be reset and must be'replaced, A unique tell- 
tale indicator (H) of figure 6 is provided in such instances. Looking like a small 
"button" on the outside of the chainber, this button becomes a hole when the alloy (F) is 
melted. This arrangement makes it possible to readily detect a unit which has been 
activated, • • * * ' 4 



2* 



430 



Fire Alarm Box 



The manual fire alarm box is an open circuit contact device operated by pulling a' 
die-case handle which breaks a glass retaining rod. See figure 7, The Handle, in 
turn, holds the switch plunger depressed against spring tension so that the switch 
contact is open. When the handle is pulled, the switch plunger moves forward to close 
the switch contacts. The fax is tested by rotating the eccentric glass rod retained one 
half turn so as to release the rod and allow the switch plunger to move forward. Afteir 
each fire alarm, the glass rod must be replaced. This is done by rotating the rod 
retainer to a certain position which will allow insertion of the rod* After insertion, 
the rod retainer is returned to its normal position. 
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\ Figure 7. Manual Fire Alarm Box 

. jsmcurr analysis ^ 

* 'Figure 8, Local System shows the circuit in a normal supervisory cortdition. 
This means that the nornfui power supply is feeding power to the system and that 
there arc no ln>ul^cspr alarms in the system* • . % 

Current is flowing through the one portion of the .circuit, arming the trouble and 
dperating coils but without sufficient current to activate the relay. Current is reduced 
byjheline resistor. 

An ac power failure will deenergize the power failure relay (PFR) causing its con- 
tacts to change position. This will open the mainline contacts and close the B+ and 
trouble buzzer line contacts* This will connect the battery into the system at B-» and 
D- c and energize the buzzer to let you know there is trouble, sec figure 9. 



A fire signal will occur when an overheat condition causes one of the detectors to 
close. When the detector close* the line resistor is bypassed, reducing the total re- 



sistance of the circuit 
rent. This increase 
(TRI) and the oper; 
energizes,the ORI 
When the TM relay 
' switch through the TRI 
condition exists. 




A reduction of total resistance will cause an increase in cur- 
.current will be great enough to eftergiz6 the trouble relay * 
'relay (ORI) through the zone circuit. When the ORI relay 
:ts close providing a path for the signal bells, s^e figure 10. 
cts close, a path is provide* through the trouble buzzer 
tacts and through the trouble buzzer, indicating a fire c 
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To restore the system after a fire, signaljtas been sent, the following circuits will 
be involved: The zone circuit, the signal circuit, and thfe trouble circuit. If a fire 
has actuated the zone circuit, the detectors involved must be inspected and, in some 
cases, replaced. This is particularly true of some fixed temperature detectors that 
have'a fusible alloy link. Once the detectors have been restored, the reset button on 
the«control panel is pressed to deenergize the zone circuit and allow the contacts to 
return to their normal position. The signal cutoff switch should be moved to the- signal 
position and^the trouble buzzer switch should be returned to tjie buzzer position. The 
system should now be ready to resume its duly in a normal supervisory condition. 

SUMMARY — 

The purpose of a fire alarm system is to notify building occupants to evacuate and 
summon organized assistance'. Electrical fire alarm systems may be either coded, 
noncoded, manual, automatic, and sprinkler, or deluge. Fire detectors can be heat, 
smoke, or flame detectors or operate electrically or electronically. 

QUESTIONS 

1 . What is the purpose of the PFR rejay ? 

2. How are the alarm bells silenced? 

3. What is the function of the buzzer? 

4. What is the principle of operation of a temperature detector,? ^ 

5. Name the three circuits mentioned in the study gul^de on fire alarm systems. 
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corrosionm:ontrol and cathodic protection 



OBJECTIVES 



The purpose of this study, guide is to help you recognize corrosion of metals and 
the procedures necessary for the protection of metallic structures. 

INTRODUCTION ' 

The Air Force is interested in eliminating the waste of materials and manpower , 
caused by corrosion of metals. 

If the entire Air Force were located at one installation,, the jco^rosion problem 
would i\ot be so difficult to control, but because the Air Force has worldwide commit- 
ments, corrosion becomes a greater problem. ^ 

' Cathodic protection is the reduction or prevents of corrosion of a metal surface. 
This is accomplished by making the metallic structure the cathode of a corrosivefcell. 
Two types of protection in general use are the galvanic anode and the impressed(cwtr- 
rent methods. 



INFORMATION 



THEORY of corrosicn 



Man ha& had corrosion problems to contend with ever since he started making 
items out of metaL *Some metals, like iron, will corrode; Other metals, such as 
gold and silver, wiU-not^corrbde. It has only been in this century that detihite steps 
have been taken to prevent corrosion. The theory accepted today is that corrosionis 
basically electrochemical in jiaturei 

Corrosion is defined as the gradual destruction of metal by electrochemical reac- 
' tion with its environment. 0 

Metals tend to retyro to*£heir natural state* An example, iron Returns to iron 
o^ide. The factors necessary for corrosion are an anode, cathode, electrolyte, and > 
a gondudtdr. Ions flow from the anodic area.th*ough the electrolyte towards the 
cathodic area. See figure 11/ Tiny pieces of metal make up tKe ions. Leaving' the 
anodic area, metallic ions combine with negative ions and become oxides or rust. 
Thus corrosipp is in progress. *The tendency of a metal to corrode depend^^upon the 
potential between the metal and its ions in solution. . ^ <<* 
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Figure fcfc Simplified Corrosion Ceil Showing Conditions 

™ Which Must Exist for Electrochemical Corrosion 

^ 1 Potential's determined by thfe type of metal and its ions in the solution. 

< . TfeRMS USED IN CORROSION, , *\ 

The following terms are useful in understanding corrosion: 

* ' Anode - f The electrode of an electrolytic cell at which oxidation occurs. In corrosion, * 

' k it is usually the electrode from which the electrons flow to an external circuit. 

Cathode - The electrode of an electrolytic cell, soil or the area that is.not attacked, 
and is the electrode to which electrons flow from an external circuit. 

*. * • 

Corrosion - The gradual destfructijp of a metal bv chemical or electrochemical reaction 
•with its enVir*Onment, * • 

Electrolyte - A chemical substance or mixture, sail or liquid, containing ions % which* 
migrate in an electrical field. * 

Electron -* A fundamental particle carrying a negative electric charge. It is the funda- 
mental carrier of electrtc*cufrent. "V 

Ion - An electrically-chargpd particle, in^which the charge is due to the gain or loss of 
. one or more.electrohjs.* m * 

*'* " • " ' 

. • • FORMS OF CORROSION w '" • 

• > * , 

- * * Thereeare three genenal forms of corrosion. < 

r * 

-Uniform IStch Corrosion 

^ The surface effect produced by most direct chemical jtttac^s. As an example, zinc, 

if exposed lu Itydrochlnnc'acid. will corrode. On a polished surface this type of 
rwrosion is first steon as a general dulling of the surface. If such corrosion is allowed 
to continue, the surface becomes rcnigh knd posslblv frosted in appearance. v 
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Localized Corrosion * . 

Localized corrosion is caused by local action or local cells. A local cell is set 
when there' is a difference of potential between areas on a metallic surface that is in an 
electrolyte.- Localized corrosion may be in the form of pitting, cavitation, or erosion 
£ , °JL 6r0?10n m started by m echanfcal forces. The sudden collapse of air- 
bubbles between a metal surface and a liquid under pressure will cause the water to 

Thp^f £! IS?? 0 ** 0 ' th< \ metal Y ith ** icient force t0 knocic'some metal off the surface. 

JSJHTSi^L n ? a ^ P K ^u 1 haVe Sharp edges 38 * the y nad chiseied out , 
Eros on is usually caused by the abrasive effect of liquids moving over the surface^ a 

m!S " ^ « ^ iVe effect and tf " 13 moving fast enough, .it' will erode the 
J U Sh .° Uld . ha ? e Sand or similar abr asive material in it, the sand will 
IrrJ^ if 61 " 03 *?\ Metal ' ttat has "oded will look similar to soil that has been 
eroded H an electric current passes from a piece of metal into a, solution, it will take 
some of -the metal with it, leaving a vacancy or pit in the surface of the metal*. If th^ 
current leaves the metal equally over a large area, the corrosion will look similar to 
the corrosion caused by direct chemical attack. But if the current leaves only from 
spots on the metal, the metal will have spots of corrosion on it. Figure 12 shows some 
examples of corrosion that will leave pits in the metal surface". 

Compositional Corrosion 



Compositional corrosion is caused 
by dissimilar metals in'contact with 
each other. 

Bratss is an alloy consisting mostly 
of cbpper and zinc. If brass is ex- , 
posed to electrochemical corrosion, 
since the zinc is higher up.6n the gal- 
vanic series the zinc will be dissolved 
out of the alloy first, leaving the cop- 
per. The more common use of brass 
is in the manufacture of valves and ' 
similar pipe fittings. Since these 
brass fittings are usually joined to 
either iron or copper *pipe, ftis type . 
of corrosion can occux^quite often and 
can be a great problem, , Figure .12 
shows a diagram of how this form of 
corrosion can occur. Cast iron i£ an 
alloy made of iron and carbon. The* 
carbon is in the form of graphite. If 
cast iron is exposed to electromechan- 
ical corrosion, the iron will dissolve 
out and le&ve the graphite. It occurs 
quite often on cast-iron pipe. As often 




DISSIMILAR METALS 




CINDER AGAINST Th£ PIPE 



Figure 12. Examples of Corrosion 



happens with underground pipe, most of the iron may dissolve out, leaving a graphite 
pipe. The graphite pipe may lastffor many years if it is not subject to any mechanical 
forces or sudden pressures. f 
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METHODS OF CONTROLLING .CORROSION 



In Order to control corrosion, the electrochemical circuit must be broken. Thi$ 
mayise accomplished by applying a coating plaint or plating with metallic surface. 
This toll prevent the metallic surface from coming in contact with its corrosion 
environment. Another method to control corrosion ia to introduce a countercurrent 
flow which will prevent current from leaving the metallic surface ahodic areas. There 
are two methods used to provide this countercurrent flow, galvanic anode and iihpressed 
current. , i ^ 



Galvanic Aaode Method 



To control corrosion by the galvanic method, a: metal anode higher in the electro- 
motive force series and more, negative than the metal to be protected must be electri- 
cally connected. 

When magnesium and iron are connected, the more negative metal (magnesium), 
becomes the anode, and the metal to be protected (iron) becomes the cathode. Thus, 
a cathodic protection system is formed. Current leaves the anode as it corrodes and 
passes through the electrolyte (soil or water) to the*cathode. K more current from the 
anode enters the protected' metal preventing current from leaving it, corrosion will^ 
stop. See figures 13^ and 14 for examples of cathodic protection by Galvanic (Sacrificial) 
Anode systems. - ~ * <* * t 

4 \ frPE * a • . 

J{ CATHODE 




EXTERNAL ✓ 
CIRCUIT. * 



21nc or magnesium a^oof* 
With prepared backfill 




MAGNESIUM 
&IB80N ANODE 



Cdthode 
Anode 

Cathode 




Magnesium 
Rod (Aaode) 



Tank Co/rodJnfc 



KlKuns 13. 'CafhiKlic Protection by Via Kiicrlf irJul AihkIi^MvOhkI 

32^0 - 



INSULATED - 
ELECTRICAL CONDUCTOR 



Advantages of Galvanic Anode System 



EXISTING GRADE 



PROTECTED 
STRUCTURE 



BACKFILL - 
MAGNESIUM ANODE - 



u 



INSTALL BELOW 
STRUCTURE 
WHERE fReE 
SPACE IS A 
FACTOR ° 



. - The chief advantages of the galvanic 
or sacrificial anode system are: 

1. No external power source is needed, 

2. . No regulation is needed. ^ 

3. Simplicity of installation. 
* 

4. Dangers from cathodic interference 
is minimized. 

5. Maintenance, is sjnall over the anode 
life, 

t 

Figure 14.* Typical Sacrificial Anode 
Installation 

Disadvantages of the Galvanic Anode System 

The chief disadvantages are: • ^ s ' 

1. Current output is limited. 

r 

2. Large numbers of anodes are usually required to protect bare structures. 

Galvanic anode systems are preferred where areas to be protected are small. 
They are also preferred in hazardous locations, and on well-coated lines of pipe. . 

The major components of a galvanic anode system are cathode,, anode, test 
stations, electrolyte, and backfill. - 0 
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Impressed Current Method , * 

An impressed current system normally consists of a source of dc power obtained 
from a rectifier set, an anode, cathode, test stations, electrolyte, and backfill. * 
Current is forced from the source of power through the ground bed (anodes), the 
electrolyte, and to the structure to be protected (cathode). See figures 15 A, B, C, 
andD. - * , * 

Anodes used in impressed current.systems are inactive materials. They normally 
do not corrode until current is impressed and then only a small amount is lost over a ' 
period of years. The anodes are installed in a ground bed of soil or water. The two 
most common anodic materials used are graphite and high silicon cast iron. Scrap 
iron and aluminum is sometimes used. .A closeup view of a graphite anode is shown 
in figure 16. 

In the galvanic anode and impressed current systems, the current generated by 
both methods "buck out M the corrosion currents which occur when metal ions go into 
gaseous solution. 
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A Protection of Steel Pipe 



B Protection of Cast-iron Pipe 




C Protect Line Booster Station* 



D Protect Large Industrial Storage Tanks 



Fifcure 15. Impressed Current Methods 
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INSULATED WATERPROOF / / /'/ 

cable "■,,>,,>/////, 
waterproof seal ^///^///^ 

©• 

® .UPSET CABLE f^//^ 
(•) ANODE IMPREGNATED//^//' 

hi 



ANODE IMPREGNATED 
AGAINST MOISTURE ' 



^ CONNECTION TO 
POWER SOURCE 

Wf GRAVEL ///A 

i.'/ii.'/ii////, 

0, % 

ill ■ 

• ^ ANODE, //y 



Figure 16. Graphite Anode Installed In Earth 
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An Impressed current anode system, using graphite anodes, is shown in figure 17 
Notice Aat the negative lead of the rectifier is connected to the structure or tank. 'The 
positive lead of the rectifier connects to the graphite anodea/ln backfill. Graphite anodes 
are very brittle and are subject to damage in handling and installing. , 




Figure H. Impressed Current Anode System Using Graphite Anodes 



Coke breeze backfill is used with graphite anodes for the purpose erf establishing 
x lower resistance bond between the soil and the ground bed. Coke is a good conductor. 
When the graphite anode is installed in coke breeze, the coke breeze in effect becomes 
the anode. This backfill is about 77 percent carbon, 15 percent moisture, 4 percent 
'sulphur, 1 percent ash. and the remainder is water. 

Backfill lowers the anode-to-soil res jstance and permits use of greater current 
density. The life of the anode is extended when coke breeze backfill is used fcty approxi - 
maieiy ten to fifteen years. 

Another material used for impressed current system anodes is high silicon cast 
iron. This anode is also very brittle. By composition it contains a minimum of 14. 35 1 
•percent silicon, a maximum of 0. 85 percent carbon, and 0. 65 percent manganese. 
The remainder is iron. For high-chloride and high-temperature operation. 3 percent 
molybdenum may be added. Sizes of anodes range from 4 to 5 pounds for flexible 
assemblies and from 14 to 115 pounds for rigid types. Size3 above 55 pounds are used 
a*ly in. salt water. 

Aluminum is used with impressed current systems to protect the interior of water 
storage tanks. Aluminum anodes are available in the form of wire, rod. and bar with 
sizes ranging from 1/16 To finches in diameter. The commonly used diameter size 
rods are 1/2, " 3/4, " 1. ■• 1 1/2, " and 2. M 

' Aluminum has the advanfcge of low initial cost and lightness of weight. Commer- 
cial anodes are only 75 percent efficient. They. are consurned at the rate of 9 lbs per 
ampere year. This high consumption rate is undesirable, however, the corrosion 
products from aluminum do not contaminate potable water. The installation of these 
anodes- is shown in figure 18. ' 
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80WL 52 FT DIAMETER | 
ANODE RADIUS 18 FT A 



BOWL ANODES I IN DIAMETER* 
BY 10 FT LONG ALUMINUM 



RISER ANOOE I 2 IN OIAMETER 
BY 130 FT LONG-ALUMINUM 




Figure 18. impressed Current Catftodic Protection System ' J ' 

- for 75, OOO-Gallon Elevated Water Tank Using Aluminum Anodes 

Current Sources $. * •> 

'** * 
The transformer -rectiffer set shownnn figure 19 is the principally used 
source of -power for impressed current systems. Commercial 60-cycle 110-volt ac 
is frequently the input power. The transformer steps the ac down and connected to . 
the secondary are selenium stacks in a full-wave bridge connection. The negative 
terminal of therecttfier is connected to the*structtfre which is being protected. The 
positive terminal of th^/rectiner is connected to the impressed current anode bed. 

The rectifier' normally contains coarse taps and fine taps for adjusting trie output 
voltage. Once these settings are made to adjust the output voltage, they are seldom 
disturbed unless a careful check is first made of the system. A voltmeter is provided 
for convenience on the inside panel of the rectifier for reading output dc Voltage, An 
ammeter i* similarly used to determine the dc flow in 'the output circuit. The purpose 
of the rectifier is to convert alternating current to direct current for use in the im- 
pressed current method of cathodic protection. % « 
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Rectifiers tor cathodic protection use are available for ac voltages of 115. 230, or 
460 volts, either single-phase or three-phase. Direct current voltages from 6 volts to, 
125 volts of 6 amperes to 200 amperes are common. 

m Selenium-iron stacks are commonly used for the rectifier. These stacks may be 
air-cooled or oil-immersed. Air-cooled stacks are subject to fouling of the air screens 
by dirt, dust, and insects. Oil-immersed stacks are free from these faults and are 
necessary in hazardous locations. Where high ambient temperatures, high humidity 
conditiops/ corrosive atmospheres, and wind or dust are present, totally oil-immersed 
rectifiers are preferred. 

Silicpn diodes have limited application in cathodic protection because they are sus- 
• ceptible to overload current or voltage surges. Silicon cells ar* lighter and show less 
drop in efficiency in use under controlled conditions. - , 



\ 



FtAe Adjustment 



Rectifier Stocks 



Voltmeter 



To AC Power#Supply 



Sofety Switch 



Circuit Breaker 




Negative Lead 



Load 



Figure 19. Wiring Diagram for 230-Volt, 
Single-Phase, Full-Wave, Bridge-Type Rectifier 
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Selenium stacks are illustrated in figures 20a and 20b in bdth series and parallel 
connections. Parallel connection is used to increase current available. Series con-< 
nection is used to increase voltage. 
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POSITIVE 
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/ 
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CONTACT 

WASHER 
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6 PARALLEL 



V 



Figure 20. Selenium Rectifier Stack 



Other sources of dc are sometimes used with 1 impressed current systems. These 
are windmill-driven generators, motor-generator sets, engine-driven generators, or 
storage batteries. A welding rig can also furnish dc po*er for preliminary survey use. 

SUMMARY „ 

• * 
Corrosion is a universal prbblem with the Air Force. Man has had to contend with 
corrosion problems ever since he started using <metals. There are three types of corro- 
sion. • These are uniform, localized, and composition. * The theory today is that corro- 
sion is caused by electrochemical means. Corrosion factors can be divided into two 
groups, those associated mainly with the metal and those associated with the environ- 
ment Most electrolytes themselves do not cause corrosion; however, they may carry 
the agents that do cause corrosion. 

The two methbds of cathodic protection are the sacrificial or galvanic anode method 
and the impressed current method. Both method may be applied to structures above- 
ground, underground, and under water ifUhe structure is in contact with an electrolyte, 
The electrolytes in cathodic protection are usually soil oi* water. 

The two metals commonly used to protect steel structures are magnesium and zinc. 
Magnesium anodes usually are prepackaged in backfill. The chief advantage of the 
galvanic anode system is fairly uniform current distribution. Its chief disadvantage$ 
are low driving potential and small current output. The chief use of the galvanic anode 
system is in small installations. 

> \ 
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The' Impressed current method of protection is used where the current demands 
are larger and the driving potential must be rceater. Two commonly used anodes in 
the impressed current system are graphite ana high-silicon cast iron. The graphite 
anode is used with coke -breeze backfill which, ineffect, becomes the anode and extends 
its useful life. The source of power in the impressed current system irf a rectifier. 
The selenium stacks are used in a full-wave, bridge-type connection to change ac to dc. 
Silicon is sometimes used in place of selenium. 

Cathodic protecton "bucks out" corrosion currents which occur when metal ions 
at the anode go into gaseous solution. The bucking current comes from either galvanic 
anodes or impressed current. 
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QUESTIONS 

^^Why is the Air Force interested in the corrosion problems? 
* 2. How idng has man been haying corrosion problems? 

3. How can electric current cause corrosion of metal? 

k 

4. Describe the methods used Jo cathodicaliy protect the in:erior of a large water 
storage tank. % 

5. * Draw a galvanic anode system, using five anodes to protect a pipeline. 

0 J 

6. Draw an impressed current system used to protect the Jbottom of a fuel storage 
* tank if the tank rests on the ground. J 

« * j f 

7. Explain the purpose of backfill. * 

* ' f 

8. Compare the use of graphite and high-grade silicon cast iron in ground beds. 

Why are aluminum anodes used mostly in water storage tanks? 

Draw the schematic diagram for a rectifier used in me imprefcseefcurrent system. 

Why is zinc* used in place of magnesium for some galvanic anode systems? 

Tell why selenium stacks are more commonly usedf in rectifiers than other * 
materials. 
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INTRUSION ALARM SYSTSMS 



OBJECTIVE '? 



^ Upon completion of the exercise in this workbook, you' will be familiar with the - 
terms and definitions of th^ intrusion alarm circuits. 



Basis of Issue 
* 1/student 



EQUIPMENT AND SUPPLIES 
WB 3ABR54230-1-V-1 
PROCEDURE 
INSTRUCTIONS 

Project 1 

1. Match tl^following terms and definitions by inserting the correct letter in the 
appropriate slot. 



a. 
b. 
c. 

d. 
e. 



( ) 1. An alarm created by an increased in 
line current to 30 MA. ' „ 

( ) 2. The annunciating deyice used on the 

alarm switchboard. 

/* . 

( ) 3. If an alarm will result when the wire 
is broken or grounded or both. 

( ) 4. An alarm created first by a decrease 
in line current below 9 MA and then 
an increase in line current to 30 MA.* 

C ) 5. Any device that is sVplacedias to 
cause an alarm when actuated** 

( ) 6. ^Laflarm caused by a decrease in 
line current below 9 MA. 

( ) 7. Visual and audible signal^ indications 
^ " received at the guardhouse. 

2. Using the schematic in figure 1 and 2 (a) trace over the night supervisory circuit 
with a red color pencil, (b) trace the day supervisory circuit with a blue pencil 
(c) and trace the alarm circuit witli a green color pencil. 

* " J* * - \ 



B. A. f^ontact * * 

Drop or B. A. Drop 

Ground Alarm 
(Ground Drop) 

Supervised 

Combination Break and 
Ground Alarm (Double 
Drop) " 



f. Annunciation 

g. Break Alarm 
(Break Drop) 
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3. 
1. 

4. 

7. 



Project 2 

fa the spaces below, write \n the* nomenplature of the items identified in* figure 1 by corresponding numbers. 

° ; 2. • . „ ■ . -3. * 



5. 
JO. 



9. 



^ • * ' $ Project 3 * 

Using the trainer, figure 1 of workfcobk and meter, locate and correct any trouble found in the system. 



CO 




CIRCUIT SHOWN IN PROTECTION -ON CONDITION 



Figure 1. Schematic Wiring Diagram of Central and Local Control Units 
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Project 4 - 

1. Using the trainer, figure 2 of workbook and meter, locate and correct any trouble 
s found in the system. 
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Figure 2. /S912-<:L Local Unit 
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' -2. In the spaces beW write In the nomenclature of the £ems identified in figure 2. 
by correepoiKttngNnumbers. , 



«> 1. 

2. 
> 3. 

4. 

5. 



6. 

.7. 
8. 

* 

9. 
10. 
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FIRE ALARM SYSTEMS? 



OBJECTIVE 



Upon completion of the exercise in this workbook you will be^ami liar with the 
components of the fire alarm system. * - ' 



Project 1 



INSTRUCTIONS 



Using figure 1 in your workbook, identify the numerical components by; matching 
the number with the name, i 



a* Fire detectors 

b. Operating relay (ORI) : 

c. Battery supply 

d. Power supply 

e. Power failure relay 

f. Trouble switch (Manual) 
g/ Line resistor 



Project 2 



Using a meter,tfie fire alarm trainer,and figure 3, locate troubles inserted into 
trainer by the instructor. When trouble is located, notify instructor. 
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Figure 3. Local System 
Project 3 



Using the trainer, figure 3 of workbook and meter, Jocaie'and correct any trouble 
found in system. 
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CATHODIC PROTECTION AND COkROSION % 

OBJECTIVE 

Upon completion of the exercises In this workbook, you will be familiar with 
corrosion and cathodic protection, 

INSTRUCTIONS 

Project I 

1. Using Study Guide 3ABR54230-1-V, complete the following sentences by writing 
in the blank spaces, 

a. The gradual destruction of a metal by electrochemical reaction with its 

environment is known as ' 



b. An is an electrode in a corrosion cell which corrodes. 

c . A is the part of a corrosion-cell that does not corrode. 

d. \ is a chemical substance or mixture containing ions. 



e. An electric current passes from the to the 

in corrosion. 

f # j( n - is an electrical particle of metal as it passes from the 

akode through the electrolyte to the cathode. 

g. Metallic ions that enterthe electrolyte.leave the area. 

h. A metal's tendency to corrode depends upon the potential between the Metal and 
its - in solution. 

i. The three types of corrosion are _ > r 311(1 



j.^ The ground beds consist of anodes either submerged in or 

k # All structures are subject to corrosion/ * 
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2. 
the 



Match the following terms wtth their definitions by inserting the correct letter in 



appropriate slot 

a. Anode 

b. Corrosion 

c. Cathode 

d. Ion 

e. Electrolyte 

f. Electron 

g. Conductor 



( ) 



1« The gradual destruction of metal by 
electrochemical reaction with its 
environment. 

2. The area that is not attacked. 

3. An electrically charged particle, in 
which'the charge is due to the gain or 
loss of electrons. 

4. The area at which oxidation occurs. 

5. A path for electron flow. 

s 

6. A mixture, usually liquid, containing 
ions that migrate in an electrical field. 

7. A fundamental, negatively charged, 
electrical particle. 



Project 2 

Complete the toilowiag statements pertaining to cathodic protection. 

a. List five advantages of a galvanic &node protection system. ^ 

(1) ' : 

" (2) J 

, (3)' _j ' 

. w -_ 

(5) .__ ; _ 

b. >Lict twc o .. \t< a-xgas of a galvanic anode system. 

\» . : 

(2) ' 



c. List the til's jv>. components of a galvanic anode system - . 

(1) : 

(2) ' 

'(3) J ___ 

(4) * / 

8 
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d. List the major components of an impressed current system. 
(1) 

(2) ; - 

(3) 

(4) _J : ' 

(5) '_ 

Complete the following sentences by writing in the blank spaces, 
a. Cathodic protection is the reduction or prevention of ■ 



a metal surface by making the metallic'structure the ^ 

of a corrosion cell. 

b. The two methods of cathodic protection are and 



c. The more active metal becomes th$ ( of a 

purposely established corrosion cell, and the metal to be protected becomes 
the : ; . 

d. If the current from the a ' is strong enough to prevent all 

current from leaving the anodic area^n^fe protected metal, corrosion will 

4 st °P- 

e. A direct current from an external source is ced to the ground bed through 



the electrolyte to the metal to be preserved in 
protection. 

in the space below figures 4 an<T5 
enter the 'type of cathodic protection 
system. 




